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REMARKS 



Claims 6-11 are in the ca.se. These clainis are finally rejected on 112 grounds. There 
are no prior art rejections. 

There are two 112 rejections. 

We turn to the first of these 112 rejections. This rejection is based on the written 
description requirement. The Office Action at page 2 takes the position that there is no 
support for the claims at page 1 1 of the specification as asserted. 

Reconsideration is requested. 

Below are quoted the portions of page 1 1 of the specification on which applicant is 

relying. 

Passing of one or more screening tests of the first embodiment of 
the invention herein maximizes the opportunity of the agent passing the 
test, being successful for the treatment of and in the second embodiment 
herein. The more of the tests (a), (b), (c), (d), (e), (f) and (g) passed, the 
greater the likelihood of success. 

We turn now to the second embodiment of the invention herein 
which is directed at a method for treating a patient having or at risk for 
cancer, Alzheimer's disease or atherosclerosis, comprising administering 
a therapeutically effective amount of a. selective inhibitor or COX-2 that 
meets at least one of, preferably at least two of, (a), (b), (c), (d), (e), (f) 
and (g). 

It is submitted that the above provides the support the Office Action says is missing. 

We turn now to the second of the 112 rejections. This rejection is based on the 
enablement requirement. 

At one place or another in the Office Action, the following positions seem to be 
asserted. 
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(1) In vitro screening tests have no utility in respect to developing drugs for 
cancer treatment (relying on Gura and Johnson); 

(2) The claims are directed to screening for "likelihood of success" in treating 
disease and likelihood of success is not defined; 

(3) The tests recited in the claims are not sufficient for developing drugs for 
treating all cancers; 

(4) The tests of claim 6 are not enabled for likelihood of success in treating 
Alzheimer's disease (AD) because AD cannot be diagnosed without autopsy 
and because evaluation of treatment results is not possible because of variation 
of progression of disease from patient to patient (relying on MedicalNet.com); 

(5) Data obtained from animal models in development of drugs for treating 
Alzheimer's disease is not conclusive (relying on Firuzi); 

(6) The dmgs to which the testing of the claims is directed are counterindicated 
for treating or preventing atherosclerosis because they pose cardiovascular 
risk. 

Reconsideration is requested. 

In regard to points (1) and (2), empirical testing of cancer drugs on patients without 
lead up testing is not how drug development works and would not be allowed by the FDA. 
Rather there is screening in vitro to provide a rationale followed by animal studies, followed 
by a series of human studies, followed by clinical testing. The term "likelihood of success" 
does not need to be defined because those skilled in the art would understand that this means 
selection of drugs for testing in the next step, animal studies, that is to provide a baseline for 
study of a drug leading to FDA approval. One has to start somewhere in evaluating drugs for 
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cancer treatment. The instant tests would be considered by those skilled in the art, as the 
starting point. 

Furthermore, literature shows that the normal progression from in vitro screening to 
animal studies to human clinical studies is what occurs in development of cancer drugs. 

In this regard, see Steinbach, G., et al., The New England Joumal of Medicine 
342(26), 1946-1952 (2000), copy enclosed, which shows progression from preclinical studies 
to clinical studies for COX-2 inhibitors for treating colon neoplasia (cf to claim 7). 

See also Swain, S., The New England Joumal of Medicine 353(26), 2807-2809 (2005) 
and Voskoglon-Nomitos, T., et al.. Clinical Cancer Research (9), 4227-4239 92003), copy of 
each enclosed, which show predictive value for in vitro cell culture, animal models, mouse 
allograft preclinical and hxmian xenograft preclinical studies, in predicting successfiil clinical 
results. 

In respect to (3) above, over thirty types of cancers and precancCTOus conditions to 
which the invention applies are listed at page 11, last nine lines, to page 12, first four lines, of 
the application as filed. This should be enough for reciting cancer generally in claim 6. 

In respect to (4) above, it is noted that Alzheimer's disease is routinely diagnosed 
without autopsy (see page 1397 or and 1398 of the Merck Manual (17 edition), copy 
enclosed. Tens of thousands are diagnosed as being affected with Alzheimer's each year. 
Page 1398 of the Merck Manual indicates that effectiveness of treatment can be determined. 

In respect to (5), the claims do not involve animal models but are a baseline for 
progressing to further testing. Moreover, whether or not animal models may or may not 
provide conclusive data, is irrelevant, since animal testing would be followed by clinical 
testing. 
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In respect to (6), it is noted that drug safety is an issue for the FDA and not the PTO. 
See Scott v. Finnev> 32 U.S.P.Q.2d 115 (Fed. Cir. 1994), In re Anthony 162 U.S.P.Q. 594- 
604 (CCPA 1969), and Kandic v. Ragunothau, 73 U.S.P.Q.2d 1180 (Bd. Pat. App. & Int. 
2001). Note that the FDA allows and has not banned chronic administration of selective 
inhibitor of COX-2. Risks are currently accommodated for by box warnings and the decision 
on risk is left to a patient's physician after a risk/benefit analysis. The PTO should not 
interfere with this cxirrent scenario. 

Note that inflanmiation contributes to each of the diseases mentioned in the claims 
and the tests of claim 6 are known to be directed to inflammatory activities. These tests 
indicate whether a potential drug may provide anti-inflammatory benefit by route in addition 
to COX-2 inhibition. 

See also Collins, A.R., Arterioscler. Thromb. Vacs. Bio., (March 2001), 365-371, 
which indicates the appropriateness of test (a) of claim 6 for screening for drugs for 
atherosclerosis treatment or prevention. 

Consideration of this response and its enclosures and allowance are requested. 



RespectfiiUy submitted. 
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THE EFFECT OF CELECOXIB, A CYCLO OXYGENASE -2 INHIBITOR, 
IN FAMILIAL ADENOMATOUS POLYPOSIS 

Gideon Steinbach, M.D., Ph.D., Patrick M. Lynch, M.D., J.D., Robin K.S. Phillips, M.B., B.S., 
Marina H. Wallace, M.B., B.S., Ernest Hawk, M.D., M.P.H., Gary B. Gordon, M.D., Ph.D., 
Naokj Wakabayashi, M.D., Ph.D., Brian Saunders, M.D., Yu Shen, Ph.D., Takashi Fujimura, M.D., 

U-Kuo Su, Ph.D., and Bernard Levin, M.D. 



Abstract 

Background Patients with familial adenomatous 
polyposis have a nearly 100 percent risk of colorectal 
cancer. In this disease, the chemopreventive effects 
of nonsteroidal antiinflammatory drugs may be re- 
lated to their inhibition of cyclooxygenase-2. 

Methods We studied the effect of celecoxib, a se- 
lective cyclooxygenase-2 inhibitor, on colorectal pol- 
yps In patients with familial adenomatous polyposis. 
In a double-blind, placebo-controlled study, we ran- 
domly assigned 77 patients to treatment with cele- 
coxib (100 or 400 mg twice daily) or placebo for six 
months. Patients underwent endoscopy at the begin- 
ning and end of the study. We determined the num- 
ber and size of polyps from photographs and video- 
tapes; the response to treatment was expressed as 
the mean percent change from base line. 

Results At base line, the mean (±SD} number of 
polyps in focal areas where polyps were counted was 
15.5±13.4 in the 15 patients assigned to placebo, 
11.5±8.5 in the 32 patients assigned to 100 mg of cele- 
coxib twice a day, and 12.3±8.2 in the 30 patients as- 
signed to 400 mg of celecoxib twice a day {P=0.66 
for the comparison among groups). After six months, 
the patients receiving 400 mg of celecoxib twice a day 
had a 28.0 percent reduction in the mean number of 
colorectal polyps {P= 0.003 for the comparison with 
placebo) and a 30.7 percent reduction in the polyp 
burden (the sum of polyp diameters) (P= 0.001), as 
compared with reductions of 4.5 and 4.9 percent, re- 
spectively, in the placebo group. The improvement 
in the extent of colorectal polyposis in the group re- 
ceiving 400 mg twice a day was confirmed by a pan- 
el of endoscopists who reviewed the videotapes. The 
reductions in the group receiving 100 mg of celecoxib 
twice a day were 11,9 percent (P=0.33 for the com- 
parison with placebo) and 14.6 percent (P^0.09), re- 
spectively. The incidence of adverse events was sim- 
ilar among the groups. 

Conclusions In patients with familial adenomatous 
polyposis, six months of twice-daily treatment with 
400 mg of celecoxib, a cyclooxygenase-2 inhibitor, 
leads to a significant reduction in the number of co- 
lorectal polyps. (N Engl J Med 2000;342:1946-52.) 
(02000, Massachusetts Medical Society. 



HUMAN colon cancer develops in a step- 
wise fashion from normaJ mucosa to ad- 
enomatous polyps to carcinoma. Muta- 
tion in the adenomatous polyposis coli 
{AFC) gene commonly occurs early in the develop- 
ment of sporadic adenomas.^ Patients with familial 
adenomatoias polyposis have an inherited germ-line 
AFC mutation^ that results in hundreds of adenom- 
atous polyps and a nearly 100 percent risk of colon 
cancer. Management includes prophylactic procto- 
colectomy, or colectomy followed by sigmoidoscop- 
ic surveillance and rectal polypectomy. Because the 
adenoma- to- carcinoma sequence in £imilial adenom- 
atous polyposis resembles sporadic colon carcinogen- 
esis,^ studies of familial adenomatous polyposis may 
contribute to the prevention of sporadic adenomas 
and colon cancer. 

Nonsteroidal antiinflammatory drugs (NSAIDs) 
reduce the incidence of carcinogen-induced colon tu- 
mors in rodents.3.^ NSAIDs are associated with a re- 
duced incidence of and mortality from sporadic ad- 
enoma and colon cancer in epidemiologic studies. ^-s 
In early clinical studies'^® and small, randomized, pla- 
cebo-controlled trials,^'-^^ sulindac caused the regres- 
sion of colorectal adenomas in patients with familial 
adenomatous polyposis. However, the gastrointesti- 
nal toxicity associated with conventional NSAIDs may 
limit their long-term use for cancer prevention.!^ 

NSAIDs are inhibitors of the cyclooxygenase 
enzyme family, which catalyzes the metabolism of 
arachidonic acid to prostaglandins, prostacyclin, and 
thromboxanes. The cyclooxygenase- 1 isoform is con- 
stitutively expressed in most tissues, where it medi- 



^ From the University of Texas M.D. Anderson Cancer Center, Houston 
(G.S., P.M.L., NW., Y.S., TE, L.-K.S., BX.); the Imperial Cancer Re- 
search Fund, St. Mark's Hospiul, London (R.K.S.P., M.HW., B.S.); the 
NadonaJ Cancer Insdcucc, Bechesda, Md. (E.H.); and Searic, Skokie, 
111. (G.B.G.). Address reprint requests to Dr. Steinbach at the University of 
Texas M.D. Anderson Cancer Center, Division of Cancer Prevention, Box 
203, 1515 Holcombe Blvd., Houston, TX 77030, or at gstcinb@aol.com. 

Other authors were Louis Godio, Ph.D. (G.D. Searle, Skokie, lU.), Sherri 
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Rodrtguez-Bigas, M.D. (Roswell Park Cancer Titsdcure, Buffalo, N.Y.), 
Susan L. Jester, M.S. (G.D. Searle), Karen L. King, M.S. (G.D. Searle), 
Marta Schumacher, M.B.A. (National Cancer Institute, Rcthcsda, Md.), 
James Abbruzzesc, M.D. (M.D. Anderson Cancer Center), Raymond N. 
DuBois, M.D., Ph.D. (Vandcrbilc University Medical Center, Nashville), 
Walter N. iCctclman, Ph.D. (M.D. Anderson Cancer Center), Stuart Zim- 
merman, Ph.D. (MJ3. Anderson Cancer Center), JefTrey W. Sherman, 
M.D. (G.D. Searie), and Gary KeOofT, M.D. (National Cancer Insdtute). 
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atcs physiologic functions such as gastric mucosal cy- 
toprotcction and regulation of platelet aggregation. 
Its inhibition may account for many of the common 
side effects of NSAIDs, including gastric ulceration 
and gastrointestinal hemorrhagc^^-^s jhe cydooxy- 
genasc-2 isoform is induced in response to cytokines 
and growth factors and is expressed in inflammatory 
disease, premalignant lesions (such as colorectal ad- 
enomas), and colon cancer.^^-^^ j^s inhibition has not 
been associated with gastric ulceration.^ 5,19-21 How- 
ever, the long-term effects of selective cydooxygcn- 
ase-2 inhibitors as compared with those of tradition- 
al NSAIDs remain to be determined." Experimental 
evidence supports the concept that the chemopreven- 
tive effects of NSAIDs may be due at least in part to 
inhibition of cyclooxygenase-2.23.24 Hence, selective 
inhibition of cyclooxygenase-2 offers a potential phar- 
macologic strategy for the prevention of colorectal ad- 
enomas. 

To determine whether inhibition of cyclooxygen- 
asc-2 could reduce the extent of polyposis in patients 
with femilial adenomatous polyposis, we studied the 
effect of celecoxib, an agent that selectively inhibits 
cycIooxygenase-2. 

METHODS 

Patients 

Patients with familial adenomatous polyposis who were 18 to 
65 years of age, who had not had their entire colorectum removed, 
and who had five or more polyps 2 mm or more in diameter that 
could be assessed cndoscopically, were eligible. Exclusion criteria 
included a history of colectomy within the previous 12 months 
or colectomy anudpated vathin 8 months after randomizadon; use 
of NSATDs or aspirin three or more times a week within 6 months 
of randomization or one or two times a week within 3 months of 
randomization; or abnormal results of serum laboratory tests (com- 
plete blood count and livcr-funcrion and renal-fiincrion tests). 

The study was approved by the institutional rc^ncw board of 
the University of Texas M.D. Anderson Cancer Center and the eth- 
ics committee of St. Mark's Hospital, London. Written informed 
consent was obtained from all padcnts. 

Study Design 

The study Avas randomized, double-blinded, and placebo-con- 
trolled. Tt was conducted between December 1996 and Decem- 
ber 1998 at the M.D. Anderson Cancer Center in Houston and 
St. Mark*s Hospital in London. One hundred eight patients who 
were eligible for screening underwent endoscopy; 29 had insuffi- 
cient polyps for inclusion in the study, and 2 required colectomy for 
advanced disease (a rectal cancer and a large sessile adenoma). Ac- 
cording to the protocol, 75 patients were inidally randomly assigned 
in a 2:2:1 ratio to receive celecoxib (Celebrex, G.D. Searlc, Skokie, 
III.), cither 100 mg twice daily or 400 mg twice daily, or an iden- 
tical-appearing placebo orally for six months. The placebo con- 
tained 250 mg of lactose. Two additional patients were assigned 
to the group receiving 100 mg of celecoxib twice daily after two 
patients were withdrawn because of noncompliance. The study 
drug and matching placebo were provided by G.D. Searlc. 

The six-month duration of the study and the end point of ad- 
enoma regression were based un previous trials of sulindac that dem- 
onstrated an cfFect on polyp regression within six months of treat- 
ment-*-" A clinical trial aimed at the prevention of carcinoma, on 
the other hand, would require many years of study and therefore 



was not considered feasible for the initial testing of the efficacy of 
a drug. Evaluations at base line and month 6 included a history 
taking, physical examination, and endoscopy, with biopsies of the 
intact or residual colorectum, stomach, and duodenum. Testing for 
APC gene mutations was performed at base linc.^» 

Compliance was monitored by means of pill counts and review 
of diaries completed by the padcnts. Sa&ty \vas monitored with a 
comprehensive symptom questionnaire administered by telephone 
at two-to-four-weeic intervals that elicited information on adverse 
events and by clinical laboratory evaluations at base line and at one, 
three, and six months. Adverse events were graded in accordance 
with the National Cancer Institute Common Toxicity Criteria." 

Endoscopy 

.. At the base-line endoscopy, an India-ink tattoo was placed in the 
rectum, colon, or both near a small area with a high density of pol- 
yps. The base-line and six-month endoscopic examinations were 
videotaped, and a scries of photographs was taken with the tattoo, 
appendix, or ileocecal valve positioned centrally and peripherally. 
These photographs were used for quantitative measurements of 
the number and size of polyps. Polyps for biopsy were taken from 
areas that were not photographed for scoring. 

Enumeration and Measurement of Polyps 

To ascertain that the same area was scored at base line and at 
month 6, polyps were counted in pairs of photographs. One in- 
vestigator, other than die endoscopist, who did not know the treat- 
ment, performed the scoring. Vidcotapcis were used to rcs<^ am- 
biguities and confirm polyp counts. The diameter of a polyp was 
measured with the aid of a standardized endoscopic ruler or biopsy 
forceps included in the photographic field to serve as a scale. Be- 
cause in patients with familial adenomatous polyposis the colon 
is studded with microscopic and poorly visible lesions, only distinct 
polyps at least 2 mm in diameter were counted. 

A qualitative assessment of the total extent of colorectal poly- 
posis was conducted by each of five endoscopists experienced in the 
management of familial adenomatoid polyposis (two from each 
of the study centers and one from a nonpardcipating polyposis cen- 
ter) during joint videotape-review sessions. The first of each pair 
of videos (obtained at base line and month 6) was scored as the 
same as, better than, or worse than the second, without the endos- 
copists' being aware of the temporal sequence or treatment group. 
A score of "better** or ^Svorse" indicated that there was a dear dif- 
ference in the total extent of polyp involvement. To avoid bias, vid- 
eotapes of three colorectal regions (cecum and ascending colon; 
transverse, descending, and sigmoid colon; and rectum) were as- 
sessed separately without the endoscopists' being aware of wheth- 
er the segments came from the same patient. 

Statistical Analysis 

All 77 randomly assigned patients were included in the intcn- 
tion-to-treat analysis of toxicity and polyp number, size, and bur- 
den. Analysis of the endoscopic videotape assessments was per- 
formed in the padcnts for whom the requisite videotapes were 
available. 

The quandtative response variables were the percent change 
from base line in polyp number and pol^^p burden, defined as the 
sum of the polyp diameters. The percent change in each patient 
was calculated on the basis of the photographs at the tattoo, appen- 
dix, and ileocecal valve, and the mean change was then calculated 
for each study group. Efficacy was evaluated by comparing the mean 
percent change from base line in each treatment group with that 
in the placebo group by the Wilcoxon rank-sum test. 

Whether treatment affected the polyp count at six months was 
also analyzed in a multivariate linear regresaon model with adjust- 
ment for base-line cuvariatcs. Two N'ariables indicating the treat- 
ment (100 or 400 mg twice a day) were included in the model, and 
the other base-line covariates were the number of polyps, sex, age, 
study site, and surgical status (whether the patient had previously 
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undergone colectomy). We employed a logarithmic transforma- 
nun of buch chc basc-iinc and che final pulyp-cuunt values to elim- 
inate the skcwness in that distribution. 

In the qualitative assessment of response, based on review of the 
endoscopic videotapes, each segment was assigned a score of 1 for 
better, 0 for same, or —1 for worse, and the mean of the five phy- 
sicians' scores for each treatment group was compared ^vith tlut 
for the placebo group with use of the Wilcoxon rank-sum test. The 
response of each videotaped colorectal segment (cecum and ascend- 
ing colon; transverse, descending, and sigmoid colon; and rectum) 
was analyzed separately. In addition, the response of the total co- 
lorcctum, defined for each patient as the mean score for all colo- 
rectal segments assessed, was analyzed. 

Adverse events, including those with an onset within 30 days 
after the end of treatment, were coded according to World Health 
Organization Adverse Reaction Terminology and graded for sever- 
ity with the National Cancer Institute Common Toxicity Criteria." 
Qinical laboratory data were compared between treatment groups 
by one-way analysis of variance applied to the change from base 
line to month 1, month 3, month 6, or early termination. 

The Kruskal-Wallis test was used to compare base-line continu- 
ous variables among the three treatment groups, and the chi -square 
test or Hshcr's exact test was used to examine associations be- 
tween nominal variables. All tests were two-sided, and a P value 
of less than 0.05 was considered to indicate statistical signifi- 
cance.^ No interim analyses were performed. 

RESULTS 

Patients 

Seventy-seven patiencs were enrolled: 36 at the 
M.D. Anderson Cancer Center and 41 at St. Mark's 
Hospital. The treatment groups were similar with re- 
gard to race or ethnic group, sex ratio, surgical sta- 
tus, and number of polyps, but they diifTered in age: 
the group assigned to 400 mg of celccoxib twice a 
day was younger (33.1 years) than the group assigned 
to 100 mg of celccoxib twice a day (38.6 years) and 
the placebo group (39.9 years) (Table 1). Sixty-six 
patients had an identified AFC mutation, and two 
additional patients had relatives with known APC 
mutations. Seventy-two of the 77 patients completed 
the treatment. More than 90 percent of the patients 
who completed the study took at least 80 percent of 
the study drug. At base line, the placebo group had 
a mean (±SD) of 15.5 ±13.4 polyps, the group as- 
signed to 100 mg of celccoxib twice a day had a mean 
of 11.5 ±8.5 polyps, and the group assigned to 400 
mg of celccoxib twice a day had a mean of 12. 3 ±8.2 
polyps in the focal areas where polyps were counted 
(P = 0.66 for the comparison among groups). 

Response to Treatment 

Treatment with 400 mg of celccoxib twice daily 
for six months was associated with a significant reduc- 
tion from base line in the number of colorectal pol- 
yps as compared with the placebo group (28.0 percent 
vs. 4.5 percent, P= 0.003) (Table 2 and Fig. 1). The 
group receiving 100 mg of celccoxib twice daily had 
a reduction of 11.9 percent as compared with 4.5 
percent in the placebo group (P = 0.33). Multivariate 
linear regression analysis confirmed that 400 mg of 
celccoxib twice daily reduced the number of colo- 



Table 1. Base-Ltne Characteristics of the Patients 

WTTH FaMIIJAI- ADENOMATOUS POLYPOSIS.* 







100 mg OP 


400 mg of 








CEi£coxia 


Celecoxib 






Placebo 


Twice Daily 


Twice Daily 


P 


CHARAcnERtsnc 




<N=32| 


(N»30| 


Value 


Age — )T 


39.9±11.3 


38.6±10.0 


33.1±10.9 


0.04t 


Sex — no. {%) 








O.S4t 


Male 


9(60) 


17 (53) 


18 (60) 


Female 


6(40) 


15 (47) 


12(40) 




Race or ethnic group 








0.87S 


-no.(X) 










Black 


0 


1 (3) 


1 (3) 




White 


15 (100) 


29 (91) 


26 (87) 




Hispanic 


0 


2(6) 


3(10) 




Height — cm 


171.52:7.7 


169.9*9.7 


169.1*11.6 


0.74t 


Weight— kg 


74.6±16.4 


74.4*12.7 


71.1*15.4 


0.39t 


SurgicaJ status — 








0.45t 


no. (%) 










Tnriict colon 


5 (33) 


8(25) 


1 2 (40) 




Colectomy 


10 (67) 


24 (75) 


18(60) 




No. of polyps 


15.5±13.4 


n.5±8.5 


12.3*8.2 


0.66t 


Polyp size — mm 


2.9±0.S 


2.9±0.7 


2.9*0.6 


0.63t 


Polyp burden — mm\ 


44.7±36.5 


34.8±28.1 


37.6*29.4 


0.65t 



•Plus-mimu values arc means ±SD. 

tThc P value was calculated by the Krusfcal-Wallis test. 

^The P value was calculated by the chi-square test. 

§The P value was calculated by Ksher's exact test, 

fThe polyp burden was calculated as the sum of the polyp diameters. 



rectal polyps (P=0.005) after adjustment for age, sex, 
surgical status (colectomy vs. intact colon), number 
of polyps at base line, and investigational institution. 

A reduction of 25 percent or more in the mean 
number of colorectal polyps was seen in 53 percent 
of the patients in the group receiving 400 mg of 
celccoxib twice daily (P= 0.003 for the comparison 
with placebo), 31 percent of the patients in the group 
receiving 100 mg of celecoxib twice daily (P=0.08), 
and 7 percent of patients in the placebo group. In- 
tention-to- treat analysis of the specific response of 
rectal polyps as distinct from colonic polyps showed 
a mean reduction in the number of rectal polyps of 
22.5 percent (P=0.01 for the comparison with the 
placebo group) in the group receiving 400 mg of 
celccoxib twice daily and of 3.4 percent (P = 0.52 for 
the comparison with the placebo group) in the 
group receiving 100 mg of celccoxib twice daily, as 
compared with a mean increase of 3.1 percent in the 
placebo group (Table 2). 

Whereas the number of polyps was quantified in 
designated small areas adjacent to a tattoo or anatom- 
ical landmark, the fiill extent of colorectal polyposis 
was assessed qualitatively from videotapes of complete 
anatomical segments of the colorcctum by a panel of 
five endoscopists. The videotapes showed that in the 
group receiving 400 mg of celccoxib twice daily, sig- 
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Table 2. PERCEhrr Change from Base Line in the Mean 
Number of Polyps and Colorectal Polyp Burden 
IN Patients with Familial Adenomatous Polyposis ^ 

Trfated with Ptacebo or Celecx^xir for Six Months. 



100 mg OF 400 mg of 

CELECOXIB CELECOXIB 

Plm:ebo Twice Daily Twnce Daily 

Variable «N=15J (N-32) (N«30) 

Percent change in no. of -4.5-16.4 -U.9±30.3 -28.0±24.0 

colorectal poh-ps 0 003 
P value 

Pe««.t change in cdo- -4.9*17.3 -14.6S31.7 -30.7±25.7 
recol polyp burdent 

P value w.w^ 

Percent change in no. of +3.1 ±31.1 -3-4±35.0 -22.5±26.0 
rectal polyps^ 
V value 



•Plus-minus values arc means ±SD. P values arc based on the two-sam- 
Dlc WUcoxon statistic for the comparison of celccoxib with placebo in the 
intcntion-to treat analysis. Negative numbers indicate decreases, and post- 
tivc numbers increases. 

tTlie colorectal polyp burden was calculated as the sum of the polyp di- 
ameters. 

IScvcn subjeco had no rectal ^dfypi at base line or on final c%'aluarion. 
These subjects are considered to have had 0 percent change. 



nificant improvement in polyposis occurred in the 
rectum (P = 0.01), in the ascending colon and cecum 
{P = 0 02), and in the transverse, descending, and sig- 
moid colon (P = 0.003) (Table 3). The corresponding 
changes in the group receiving 100 mg of celecoxib 
twice daily were not significant, but there was a trend 
toward a dose response in the rectum (P=0.07) and 



in the ascending colon and cecum (P=0.10). The 
combined assessments from all die videotapes of the 
colon and rectum showed a consistent improvement 
in the group receiving 400 mg of celecoxib twice dai- 
ly (P<0.001) as well as in the group receiving 100 
mg twice daily (P = 0.03). 

To estimate changes in polyp area, the polyp bur- 
den was calculated as the sum of the polyp diameters. 
The average decreases in polyp burden were 30.7 
percent for the group receiving 400 mg of celecoxib 
twice daily, 14.6 percent for die group receiving 100 
mg of celecoxib twice daily, and 4.9 percent for die 
placebo group (P= 0.001 for the comparison of 400 
mg of celecoxib twice daily and placebo) (Table 2). 

Safety 

Both doses of celecoxib were well tolerated. Sbcty- 
eight percent of the padents in the placebo group, 
56 percent of the patients receiving 100 mg of cele- 
coxib twice daily, and 57 percent of the padents re- 
ceiving 400 mg of celecoxib twice daily reported one 
or more adverse events of grade 2 or higher according 
to the National Cancer Institute Common Toxicity 
Criteria," Of these, the most commonly reported 
(by at least 10 percent of patients in each treatment 
group) were diarrhea (placebo, 13 percent; 100 mg of 
celecoxib twice daily, 19 percent; 400 mg of celecox- 
ib twice daily, 13 percent) and abdominal pain (place- 
bo, 13 percent; 100 mg of celecoxib twice daily, 3 per- 
cent; 400 mg of celecoxib twice daily, 7 percent). 
There were no significant differences in the incidence 
of any adverse event between the celecoxib groups and 
the placebo group. In addition to two patients with- 
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(n = 15) 



100 mg of Celecoxib 400 mg of Celecoxib 
Twice Daily Twice Daily 

In = 32) (n = 30) 



Raure 1 Percent Change from Base Line in the Number of Colorectal Polyps in 77 Patients with Fami|. 
l^frdenor^at^^^^^^ Who Were Treated with Placebo or Celecoxib (100 mg Twice a Day or 400 

ma Twice a Day) for Six Months. 

A L^ro^cAfrom base line represents disease regression, and an increase represents disease progression. 
^heTor^^^^^^^^ Jh^mean changes. The P value is for the comparison with the placebo group. 
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Table 3. Change in Colokectal Polyposis Based on Review 
OF Endoscopic Videotapes in Patients with Famiijal 
Adenomatous Polyposis Treated wtth Placebo 

OR CEI.ECOXIR FOR SdC MONTHS.* 



COLOAECTAL SEGMENT 



Placebo 



100 mg OF 400 mg OF 
Celecoxib Celecomb 
Twice DAiLVt Twice Daily* 



15 29 29 

-0.1*0.3 0.2*0.5 0.3±0.4 
0.07 0.01 



Rectum 

No. of padenis 
Score 

Transverse, descending, 
and sigmrad colon 

t^. 0" 0.003 
Cecum and ascending £olon 

5 7 10 

-0.2*0.4 0.4±0.6 0.5±0.4 

0.10 0.02 



No. of padcnts 
Score 
P value 
Total colorecnim$ 
>7o. of patients 
Score 
P vahic 



15 29 29 

-0.07i0.26 0.13±0.22 0.33±0.32 

0.03 <o.oai 



*Thc base-line and six-monch cvaluarions were compared by a panel of 
endoscopists experienced in the management of fiuniUal adenomatous 
polyposis: these endoscopists assigned scores for anatomical «gmenB at six 
months as follows: -1 indicated "Svorsc," 0 "no change^" and 1 better. 
Plus-minus values ire means ±SD of die scores for each group. P values 
are based on the t%vo-sample Wilcoxon sudsdc for die comparison of cclc- 
coxib widi placebo, in die analysis of padcnts for whom die respecnvc vid- 
eotapes were jRMilablc. 

tVidcotipcs were not available for three padcnts. 

^Videotapes were not available for one patient. 

SThe score for the total colorccmm is the mean of the separate assess- 
ments of die transverse, descending, and sigmoid colon; die cecum and as- 
cending colon; and the rectum. 



drawn for noncompliance, three patients did not com- 
plete the study for the following reasons: suicide in a 
patient in the group receiving 100 rag twice daily with 
a history of psychiatric disorder and a previous sui- 
cide attempt, acute allergic reaction in a patient m the 
group receiving 400 mg twice daily with a history 
of allergies, and dyspepsia in a patient in the group 
receiving 400 mg twice daily. There were no signif- 
icant alterations in mean lab oratory- test values. No 
ulceration was seen on follow-up esophagogastro- 
duodenoscopy in any patient, including die patient 
who wididrcw because of dyspepsia. 

After the study was completed, patients were not 
. offered continuation of treatment with the study drug 
because tiie efficacy of die drug was not known until 
die results were analyzed. Three patients (one from 
each study group) are known to have undergone co- 
lectomy since the completion of die study 

DISCUSSION 
In a six-mondi study, we found diat treatment widi 
a cyclooxygenase-2 inhibitor, celecoxib, at a dose of 
400 mg twice daily was associated with significant 



regression of colorectal adenomas in patients with 
familial adenomatous polyposis. Significant regression 
was not associated with the dose of 100 mg twice 
daily. These clinical findings arc consistent with oth- 
er evidence that cydoGXgcnase-2 has a role in colon- 
ic tumorigcnesis and that selective inhibition of cy- 
clooxygenase-2 may help control this process." 

Regression of adenomas was seen in the rectum as 
well as in the left and right sides of the colon. Age 
and whether or not the patient had undergone co- 
lectomy did not affect the results. Nonetheless, our 
six-month study leaves many important questions un- 
answered. These include whether prolonged treatment 
with a medication such as celecoxib can replace, delay 
the need for, or limit the anatomical extent of proc- 
tocolectomy, and whether such treatment can inhib- 
it progression to carcinoma. Our findings suggest, 
however, that celecoxib could serve as an adjunct to 
current management by suppressing polyp formation 
in patients with residual rectum after colectomy and 
in patients with an intact colon who are awaiting co- 
lectomy. 

Sulindac, a nonselective cydoox^^genase inhibitor, 
was previously reported to cause complete or nearly 
complete regression of rectal adenomas in uncon- 
trolled studies,9.50'28 and in a small, placebo-controlled, 
drug-crossover trial of patients with familial ade- ^ 
nomatous polyposis.!^ Regression of rectal adenomas, 
though of lesser magnitude, was reported in two 
subsequent placebo- controlled studies, by Giardiello 
et al.i2 and Nugent ct al.i^ In the former study, 12 
patients treated with sulindac showed maximal im- 
provement by month 6 of the nine-month study. In 
contrast to earlier reports, no patient had a complete 
remission, and the clinical effect was considered in- 
sufficient to eliminate the need for colectomy in pa- 
tients with established polyposis. Rapid recurrence 
of adenomas was also observed three to four months 
after discontinuation of drug dierapy.'^-" Evidence 
of long-term efficacy of sulindac is still lacking, arid 
there have been case reports of tumor progression in 
patients receiving sulindac.^' Because of differences 
in patients' characteristics and in study methods, dif- 
ferences in findings among diese studies cannot be 
critically assessed. Long-term studies, as well as di- 
rect comparisons of selective and nonselective cyclo- 
oxygenase inhibition, could fiarther define the rela- 
tive clinical benefits of these drugs. 

A key question is whether the inhibitory effect of 
NSAIDs on colon carcinogenesis is mediated by in- 
hibition of either cydooxygenase-I or cydooxygen- 
ase-2, or both, or by inhibition of other cellular tar- 
gets of NSAIDs. Several lines of evidence indicate that 
cyclooxygenase-2 mediates this process, although non- 
cyclooxygenase pathways may also be involved. "•3**-^* 
Cyclooxygenase-2 is up-regulated in colonic neo- 
plasms, including adenomas and carcinomas in hu- 
mans and rodents, and in early adenomas in mice with 
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gcrm-linc AFC mutations.i7,2*.33 Selective cyclooxy- 
gcnasc-2 inhibition reduces the incidence of carcino- 
gen-induced colonic aberrant crypt foci and carcino- 
mas in rats, as well as the incidence of adenomas in 
mice with gcrm-linc APC mutations. ^^-34,35 There is 
also direct genetic evidence that the cyclooxygcnasc- 
2 gene contributed to the development of adenomas 
in a mouse model of familial adenomatous polyposis, 
in which knockout of the c3'cloox)^genase-2 gene great- 
ly reduced the number of intestinal adenomas. Such 
studies support the concept that the antineoplastic 
effects of NSAIDs arc attributable, at least in part, 
to inhibition of cyclooxygenase-2. 

The specific cellular pathways responsible for the 
effects of cyclooxygenase-2 on tumorigenesis are un- 
der study. Current evidence indicates that cyclooxy- 
genase-2 mediates mitogenic growth factor signaling 
and down-regulates apoptosis, thus promoting tumor 
growth.36-3« The induction of apoptosis by selective 
inhibition of cyclooxygenase-2 is relevant to familial 
adenomatous polyposis, in which apoptosis is con- 
sidered to be attcnuatcd.39 

Preclinical studies have established the role of cy- 
clooxygenase-2 in colon tumorigenesis and suggest- 
ed a role for cyclooxygenase-2 inhibition in the pre- 
vention of human cancer. Our findings support the 
application of this strategy to studies of the preven- 
tion of colorectal tumors in other populations at risk, 
including persons with sporadic adenomatous polyps 
in whom cellular tumorigenesis resembles familial ad- 
enomatous polyposis. The role of cyclooxygenase-2 
inhibition in preventing adenomas in adolescents with 
preclinical femilial adenomatous polyposis remains to 
be studied. 
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ABSTRACT ^ , 

Purpose: Wc looked it the value of three predSnicaJ 
cancer modeU^ the in vU x> hnman cell line, the huinaD 
xenogrMt, and the marini aJlogmft, to examine i^hetiier 
they arc reliable in predic ing cJbiical utiMty. 

Experimental Z?C5%«.- Thiirty-onc cytotoxic career drugs 
were selected. Literature pos searched for drug activity in 
Phase n trials, human xctiograJPU and mouaic allogratts m 
breast. non-smaU cell Iudj . ovary, and colon cancer- Data 
from the National Cancer .wjtStute Human Tumor Cell Line 
Screen were used to calcul ate drug in vitro preclinical activ- 
ity for each cancer type. 1 hase H activity V€rsus predimcal 
activity scatter plot and o rreJation analysis was conducted 
for each model, by tumor type (disease-oriented approach), 
using one tumor type as a predictor of overall activity ih the 
other three tumor types cabined (compound-oncnted ap- 
proach) and for aU four t imor types together. 
^ Results: The in vitro cell line model was predictive for 
non-small cell lung canci t under the dfeeasc-oriented ap- 
proach, for breast and >varlan cancers under the com- 
pound-orientcd approach, and for all four tumor ^T^^ to* 
gether. The mouse allograft model wa« not predictive. The 
human xenograft model was not predicUve for bre^t or 
colon cancers, but was pr .dlctive for non-Ismail cell lung and 
ovarian cancers when paieU of xenografts were used. 

Conclusions: These 1 esults suggest that under OE^^t 
framework and when panels are used, the £n vitro ccU luie 
and human xenograft mo lels may be useful in predj<^mg the 
Phage U cJmical trial pci formance of cancer drugs- Murine 
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allograft models, as used m this analysis, appear of limited 
utility. 

INTRODUCTION 

Boih basic science rtudies and cUnital trials arc csTeJrtml. 
components ot the cancer drug discovery process. Potential 
thcrapouticB found to be significanay better than no ireatmcnt or 
standard therapies active) in preclinical laboratory cancer 
models or compounds with novel chcmotypcs and equivalent 
effectiveness to standard frcalments are advanced to confirma- 
tory testing in early (Phase I and 11) clinical irials, Considcnng 
that RR^ 15 a reasonable s^jcrogaie end point for survival (re- 
quired but not Bufflciem). a favorable RR in Phase II trials 
advances a drug inlo additional clinical testing and is considered 
a prerequisite of drug 5«uccess in the c)>nic. 

Advancing of a candidate drug from preclinical testing in 
the laboratory to tcBUng ia Phase n eUnical triaU is based on the 
assuDCiplion that drug activity in cancer models transtates into at 
least some cffieacy in human patients. Lc. that cancer labora- 
tory models arc cUnieally prediciive. In addition, the relevance 
of tumor typc-Rpecific precUnical results for the corresponding 
human caneers in tbe cUnic can be viewed through two different 
approacbcBi compound-oriented, where a drug Is assumed to 
have potential activity against all human tumor types if it is 
effective against a jiinglc test tumor type, and disease-oriented* 
where a drug with preclinical activity in a single tumor type 
would only be expected to be effective in the same tuioof type 
in patients. . 

Although widely adopted, the above-mcnuoned assump- 
tion and approaches:! have not been confirmed by studies to date. 
In addition, all studies aimed to examine the eUnical prcdicuve 
value of laboratory cancer models inevitably suffer from inher- 
ent bias because compounds with no activity in preclinjeal 
models art: generally not advanced to clinical trials. 

This work was undertaken to examine die chnical predic- 
tive value of three preclinical cancer models tbai have found 
wide use: the human Ui vitro cell line; the mouse allograft', and 
the human xenograft. Tn these models, tumor volume or life span 
(In vivo mouse models) or cell growth {in vitro cell lines) 
compared between the treatment group receiving the new drug 
and a control group (active or inaclive eonu-ol). 

The use of preclinical cancer models for sclecuon ot po- 
tential cancer iherapeuUcs was pioneered by the NCI m the 
United States in the mid-1950s. The screening strategies used 
until 1990 were cs/^enUally compound oriented and mvolvcd a 



'The abbreviations used trc: RR, response rate: NCI. Nfition:il Cancer 
InTum^rNsiSc. non-Rinalt cell lung eanccr: NSC. Nauonnl Sennce 
Center; T/C%. treated over control mmof volunxe rauo. 



oig-d 8i/90'd igs-i 



mmiziz 



422R ainical Predictive Value of Prcclr lical Cancer Models 



small number of predominant y murine allograft tumors, with 
emphasis on leukemia (1-7). 5 everaJ Rtudies from the NCI and 
others demonstrated that this tppfoaeh had low clinical predic- 
tive va)ue for aeiivity in Phase 11 trials (5-9) and yielded 
compoundi; with selccUve acti- ity toward human leukcmias and 
lymphomas (10-12). Thus, in 1990, the NCI introduced a dis- 
ease-oricnted in vitro Humun Tumor Cell Line Screen com- 
prised of 60 oqU lines from ihe mo5t conunon adult tumors 
(13-17). The screen was desij ned so that each tumor type was 
represented by a pane) of ce I lines, selected on the basis of 
different subbi$tologicaJ featu "cs, and common drug resistance 
profiles. It was hoped that thi:. screen would help identify drug 
leads with high potency apd/cr selective activiQr against partic- 
ular tumor types. 

Recently* the NCT exarajacd Ihe correlation between drug 
activity in Phase n clinical trials and preclinical activity in 
cancer models (18). Importat t findings were; ia) with the ex- 
cepdon of NSCLC. preclinic? 1 activity in human xenografts of 
a panicular tumor type did no* correlate significantly with Phase 
U activity in the same type o ' tumor. W with the exception of 
breast and colon histologics, luraan xenografts did not signifi- 
cantly predict Phase n clinic il activity in other cancers types; 
and (c) compounds that were active in ai least onts-tiiird of all 
tested human xenografts wire likely to have ai least some 
activity in Phase H clinical Dials. 

Shidies examining the c tnical predictive value of picchn- 
ical cancer models outside ti\e scope of the NCI screening 
programs have focused on thi human xc^iografl model and have 
looked predominately into : ame-tumor correlations (disease- 
oriented approach). These st idies have produced both positive 
(the model was found clinically predictive) and negative (the 
model was found to have no clinical predictive value) results in 
various tumor types (19-27^ 

Two major criticisms cm be mad© on the ovenJl body of 
literature concerning tiiC clirical predictive value of preclinical 
cancer models. First, tiic va: t majority of studies to date, botii 
within and outside the NCI, lave based tiieh- conclusions on the 
observation of trends ratiicr dian tiie uSe of statistical methods. 
Second, all studies condudsd previously have used diehoto- 
mous definitions of pteclinit al and/or clinical activity based on 
largely invalidated cutoff va ues of measures of activity: a 20% 
RR in Phase H clinical tri i3s and (most commonly) a 42% 
T/C% in human xenografti and mouse allografts. 

In addition, two impo.iant questions have not been ad- 
dressed at all by previous sti dies: tiic clinical predictive value of 
Ihe in vitro cell line model a \d the relative clinical usefulness of 
the different preclinical career models in use today {Le., how 
different models compare with each other in terms of their 
ability lo identity clinically effective drugs). * 

Thu«, we conducted a uudy comparing the clinical (Phase 
H) predictive value of thra. widely used preclinical laboratory 
cancer models, the in vitro Uumzn cell line, the mouse allografU 
and the human xenograft. We used quantitative measures of 
botii clinical and precUnlcaJ activity and utatistica) methods- We 
considered tfirce relevant tuestions: <a) the clinical predictive 
value of ti»e three models \ 'ithin tiie same tumor type (disease- 
oriented approach): W die clinical predictive value of the three 
models when one preclinic: 1 cumor type is Ui^cd as a predictor of 
overall clinical activity In all oUier tumor types (compound- 



oriented approach); and (c) the clinical predictive value oC the 
three models when overall preclinical and clinical activity in all 
tumor types combined is considered. 

MATERIALS AlVB METHODS 
Study Pcsign 

A retrospective, Hterature-based study was conducted. Data 
were retrieved from studies published between 1985 and 2000. 
This period was chosen as one when all three prccHnical caneer 
modeh of interest to this study were in use and because it was 
long enough and close enough to the present as to afford data on 
a relatively large number of recentiy developed drugs. 

The data search was restricted to four of the most common 
and commonly studied solid tumor types, breast, colorectal, 
ovarian, and non-small cell lung cancers, to ensure that suffi- 
cient data would be available. 

The Medline and CanceriLit databases were used for the 
collection of published data. In an attempt to minimize publi- 
cation bias, both paper publications (peer reviewed) and meeting 
abstracts (nonpecr reviewed) were used as sources of informa- 
tion, tf published data were not available for identified dnigs, 
mtmufaeturers were contacted for unpublished data 



Selection of Drugs 

Drugs were identified by searching the Medline and Can- 
cerLit databases for compounds that had undergone single agent 
Phase I clinical trial testing cither in 1991 or 1992. Agents with 
novel targets such as signal transduction or angiogencsiB mod- 
ulators were not included. 

This Phase 1-based approach to agent identification wa.s 
used to ensure selection of agcnU« developed within the study 
time frame of 1985-2000: agents with a published Phase I 
clinical trial in 1991 or 1992 wcm expected to bavc been 
ihrough preclinical testing between 1985 and 1990 and to have 
undergone Phase U clinical evaluation by die year 2000. In 
addition, this approach was adopted to miniroij^c publication 
bias: publication of Phase I trials is generally less dependent on 
the Observation of favorable tumor responses than publication of 
Phase n trials or of preclinical cancer model experiments. 

Data Collection and Drug Activity 

Phase n Clinical Trials. Phase H clinical trials for each 
drug were identified by searching tiie Medline and CanccrLit 
databases for scientific papers, reviews, or meeting abstmcis. 
Duplicate pubUcations were discarded. For trials with only 
abstract information, an additional search by author and/or In- 
stitution name was conducted in Medline or CanccrLit. Scien- 
tific papers were used in preference to abstracts, where possible. 

Two restrictions were applied. The first was a geographic 
restriction: to ensure uniform methodology in trial conduct and 
RR assessment, only Phase II trials conducted in the Amencas, 
Western Europe and Australia were included in tiio analysis. 
The second restriction referred to tiie treaunent population and 
{limed to ensure ti^at uniformly responsive populations of pa- 
tients would be considered. For breast and ovarian cancer, only 
Phase U trials that included patients who had rcc<Mvcd pnor 
chemotherapy for metastatic disease were used, whereas for 
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KSCLC a»d colon cancer., tb : Ph.«e H t^als^tcd Included 
«ntionts who had received no pnor chemothcnapy. 
''''^'TorlLh individual Pb^^ n trial fon^t^S^TlS 
was collected: disease site; previous cheniotb«sn*y: disease 
TlSe Bumber of patients entc ^; eUgiWc; evaluabic. and ^^bX^ 
awe fo""4oi>sc: number ol coniplctc and partial tespo^c^ 
Su^ria'^.scd for respome (stand^ WHO -'"us o^ory 
Trials had to have enrolled a r tinimum of 14 P»^"«' ^^^^f'^^ 
of whom must have been c-aluable for response. C°"^Pl«^ 
Ph^e DUrials for v,hich >20' i of entetcd patients were listed a. 
SSffor response wen considered ™«h«>°>0S'';^^?": 
awepmble and were not used. For trials in progress at d»e urne 

we^ even if they re,*esentcd <80% Of <he enn,Ued 

r.^LL^^oyided that they tr St the 14-paaem cri lenon. If a trial 
^uSfn ad'?ot sped^'th-. pr«.lous '^^^^^J^^^^^ 
hiatus of paUents. it was not usod. InforcnaUon ftom Phase l u 
STwL'^ed only when th- Ph»*e 1 and n •^^-'^^ 
Sal were separately conduct sd and reported. Phase n .nfotma 
wrcoCd ^Bardies* of drug dose and route oC admin- 

''"^For a given drug, fa, a riven cancer type. Ae activity in a 
ror a gi » tecotded as the RR: the nombcr 

paS^wble for response. Tbc number Of/valuablera h^r 
paDeni8^m««^ accommodate joformauon 

^ S^^KrWrc -ults were not ^^^^^^^^^ ^^^^ 
^ case^ where the numbe. of patients cvaluable for ^"po^e 
Z not ^vided. the numb, r of evaluable P^'-"^ *^ 
If digibrpatients. or the m mber of paU eats «tcred m ^ Wal 
(wWchevor was provided b ' the inve»Bgators> m that prjorliy 

"'^r'ob'lS^' a drug's o-er^l clinical activity in mumple 
PhaJn^s of patienU wit i the 6an« tumor type, all responses 
STuieS^Ove number of patients evaJu^ble for r^ponse 
w^^ooled from individu: 1 trials to calculate an overall RR. 
S^olc^^ttte Phase H .ctivity for any three or 
SJ^s combined, the indiv dual tumor RRs were »vcraged^ 

Hum»« Xenografts » ,d Mouse Allograf^. Jh= 
strategy for tnouse cancer model data were ^! 

Tbc only «t«lusl » in *is case -"^f^^^Xt 
wifl, mouse tumors that wt re engineered ^"^n^v t^Tra 
acterisilcs such as. for e> ample, overexpresslon of proteins 

vaIue(sT of acUvity for div gs of interest was «trieved ot^ 
expressed as the treated ovc r control tumor volume ^^^J!^} 
:^C^or volume gtowt . inhibition ^^-^ '"^^ T'^J-T. 

inn* - Gl^) il> the litcrB.ure sources. In addition, only T/CJ-- 
'^1 eSte" by the i.rmula T/C^ ^^-TeS^oi: 

^;S-.r:i^o7- RV;S;^(t))/RV.reated (0)1 X 100%! we« 
1^,!^^ ««ure uniforn calculation methods. If the T/C% 
w« rSt,.^v^dTut afriodvo tumor growth ^-'^-'^^^^^^ 
afigu^^n apublication^^C-e nur^nc^^^^^^^^ 

^nses was consi^ » ^ " 



- 0 If no exact T/C% value was given but an intervia of values 
-u. linoexacv* T/f-«, 5.421 a T/C% equal U) the 

was provided mstcad (^«., ^ ^1) wa^ assigned, 

interval uiidpoint value Ci.c., a T/C^ - /iJ " ,f 
Sy. wbeSi preclinical activity w»!.ffP°««^" G^^j" 
Lver ed to T/C% by the formula T/C* - /00% - GI%. Tte 
privity value for the most effccUve. nontoxic dose to each 
schedule wjis recorded. . . 

Single tumor type preclinical activity of each drug tn tt^ 
rourlne Sografl or human xenograft modds was de6n«l as the 
mean T/C% v^Jue from all tested allografts/xenogiutts of that 
Smor Where tbc same laboratory had tested a single 

xeCr^oiogmlt with multiple schedules of die drug 
^^Ir^ere d>e same xenografl/aJlogtaft had been tested with 
S^e slT^g by more than one laboratories. T/C% values for 
JsinS^ tumor were obtained by first '^^'^S *e s^c J-*'^ 
TziorC^ T/C% values and then the same ;tenogratt T/C% values 
%vS precUnieal activity in xenografts/allogralts for «ai 
four tumor ty^es together was expressed as the average of smgJe 

"^""rrZJS^'^C^l^^ ThepubUelyavaa- 
dLa from the NCI's Human Tumor CeU Line Screen was 
w the information source for the In virrc tumor cell Imc 
Sel InfoCon from the NCI tn vit™ Human IMmor Cell 
L^^ Screr^ favored because it was a readily avaUable. 
S-deS. compi^ensive. validated. "-^ 
source of data. Another important reason was that as an exp lot- 
ato^ litcramie search showed, there was such a wide variation 
^.^een diff etenl .nvestigau>rs in the typ^ of ^^^f^^^^ 
Oie nature of cell lines tested that it would havebeen if^PW^^le 
to comprehensively combine pubUshcd data from vanous labo- 

'^"Actmisition of NCI Human Tumor CeU Line Screen data 
were dor ^.r^^gh the internet.* Information for 
obtained through ite NCI code number or NSC f^^^ 
nutnbers. whct^ available, were identified either from the liter- 
"^or from a ««>ss.refe«.nce of compound names and NSC 
«umbers in the NO database (also available on the NCI web 

"'^'^ Testirg of compounds in the NCI in vitro Human Tumor 
Cell Li^Screen htTbeen described prcviou..ly (17). Briefly, 
SwShibition in ceU lines is measured by *^G1„ defined 
« toe (talS concCTtration that causes a 50% t«duct.on m cell 
"u^^rlli test plates relative to control P««-^°--^, ^| 
entering the screen, a concentration range ^"^P"!^'* jj;^' 
lO-fold dilutions U tested In each of agroup of 60-80 hnc5_ 
The optical densities between treated and control plates a^ 
^tiS from the sulforhodamine B assay, are used to construct 
Sse"^S«se <«^« for each cell line in the --^^^-^^f^^^ 
calSon of a CI,,, in every ca-se by interpolation. In the 

J^^^^, respectively, in the tested drug ooncentrahon 
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20: SI gO-t'O- 



4230 Clinical Predictive Value of PrecHnica! Cancer Models 



range are recorded as ihe ap jroximatcd GI30S- GI30S 
converted io their l^g,o '^alut 8 the overall meao LogxoGIso 
across all cell lines in the -creen Is ciilculaLed. FinaUy, the 
resvlts are displayed by a bar grfiph called the mean graph (28). 
This graph lists all of the c^ll lii»cs and their corresponding 
Log,oGl5o5 w^d relates the nmgnitudc oF every individual ceU 
line l-ogioGl5o to the moan 1-. »gioGl5o across aU of the cell lines 
by a bar to the right (more sensitive than average) or to the left 
(less sensitive than average) c f a vertical line. The experiment is 
repeated several times for eich concentration range. Jn cases 
where mean graphs arc base i on mostly approximated GljoS, 
other higher or lower concentration ranges of the dmg (again 
mad© of five, lO-fold dilutiio is) ore also tested. Tbus, for each 
compound tested in the NCI in vitro Human Tumor Cell Line 
Screen, multiple OJ^o iniphs (one for each concentration 
range tested) based on mult pie expcrimcnU; each and with a 
diffcicnt content of approxim aied versus calculated (by interpo- 
lation) GI30S may exist in th : NCJ database. 

We obtained all of the a mailable GI^q mean graph informa- 
tion from the NCT web site fo • all drugs bi our list of compounds 
with known NSC numbers."* For every drug, we recorded the 
number of concentration rong^'^ ^^^^ »° 'f* ^'^''^ 

Human Tumor Cell Line Screen, the number of epcperimental 
repeations conducted for eac 1 concentration range, and, finally, 
the number of approximated TLogmGlsoS <^ach mean grapb. 

The drug eonccntraiioj « range that produced the mean 
graph with the smallest nur iber of approximated Log,o01sc>s 
was used for scoring a drug's activity in the NCI in vitro Human 
Tumor Cell Line Screen^ unless a different coocontraiion range 
existed, with a number of ipproxiraated Logio^^soS varying 
< 10% from the first but for v bich more experiments v/ca-e done. 

Preclinical activity in tV c NCI in vitro Human Tumor Cell 
Line Screen was scored in t\vo different ways: by the mean 
LogjoGIjo and by what was temicd the activity fraction. For a 
given drug, in a given lum )r type, the mean Logi^Gljo wtui 
computed by averaging the I og^oGl^oS from all of the cell lines 
of that tumor type in the me n graph corresponding to the most 
appropriate concentration ra)igc. The activity fraction was arbi- 
trarily defined as the numbei of cell lines of a given tumor type 
in which the individual Log o^^^soS were more sensitive to the 
drug than the average Logj jGlso (for all cell lines of all cell 
types) in the mean graph ever the total number of ceU lines 
tested from that tumor typ^. The activity fracdon was also 
calculated from the mean graph corresponding to the most 
appropriate concentration nnge. Overall mean Log^oOlsoS or 
jictivity fractions for all fou • cancer typcR combined were cal- 
culated by averaging the sir gle tumor values. 



Table J Drues selected for data coUcctlon. NSC nurabcni are shown, 
where available 



Pn?g 



NSC number 



Statistical Analysis 

For each preclinical ca 
clinical activity relationship 
relationships by tumor type 
tionships/model), predictive 
other three mmor types i 
preach, 4 rolationships/modi 
aU four tumor types combii 

Relationships were fir 
construction of various Pha 



icer model, 9 Phase Tl versus prc- 
i. were exzimincd for a total of 27: 
(disease-oriented approach. ^ re) li- 
ability of one tumor type for the 
ombined (compound-oriented ap- 
:1). and general predictive ability for 
ed (1 relationship/model). 
It examined descriptively with the 
:e 11 overall activity versus proclin- 



Taxotcre 

PacUtaxcl 

Topotccan 

liinoiecon 

Rhizoxin 

GcAcLiabtne 

Fazarabinc 

Tcniposide 

Menogcril 

Fosquidond 

Elsamitnicin 

Amononde 

Didcmnin B 

Suramin 

Raltitrexcd 

Flavone ucetic add 

Epirubicln 

Cl-921 

Trimeirexatc 

Muldtargctcd antifol 

Vinctfeibine 

Piriirexim 

Fotcmustinc 

C1-9B0 

Chloroquiaoxaline suJfonamidc 

Ilmofosiae 

Cl-941 

Hazofurin 

Pyrazlne dJazohydroxide 
TallimustLne 

Ctisnatol 



628503 
125973 
609699 

332598 

281272 
122819 
269148 
D611615 
369327 
308847 
325319 

639156 
347512 
256942 
343499 
352122 



351521 



339004 



2S6193 
361456 



ical activity scatter plots (Microsoft Excel software). Each point 
on these scatter plots nq>resented data from one drug for which 
both Phase n and preclinical activity values bad been calculated 
from literature sourecs, as described above. 

After descriptive evaluation of the data. Spearman rank 
correlation coefiReicnLs were obtained u«ing the SAS software. 
tJNIX version 6.12. A significance test of every correlation 
coefficient was performed, and the corresponding Ps were cal- 
culated. Spearman rank (nonpanunctric) correlation cocf6cicncs 
wcm used because the distributions of the jc (preclinieaJ activity) 
and y (clinical activity) variables were not normal (29). 

When multiple comparisons ore made within a group of 
data such as in this woric. there is increased possibility that sotnc 
eorreladons wi)l come up as statistically significant solely be- 
cause of chance (false posiUves). To avoid this, multiple com- 
parison correction methods (<s.g., Bonfemjni approach) are often 
used to adjust the significance Jevcl to a lower /* than conven- 
tionally used. However, relying on corrected probabiHiies in- 
creases the possibility that meaningful correlations wjll be 
missed (false negatives), making the nature of the scicntJnc 
work key to the decision to use multiple comparison adjusbncnt 
methods or not Because this was an exploratory study, we were 
willing to accept a higher probability of false posiUves to ensure 
that potentially meaningful associations would not be discarded. 
We therefore did not correct for multiple comparisons and chose 
a level of significance of 0.05. 
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NSCl-CVSNSCLC 



B. OTHKR VS BR*aST 



OTHER TflREfi VS NSCI-C 




Piv^rtUal Aativ% Logic 0I») 



r — 0.18 p-O^OI 
w/ottWiu r--0.72 p- 0.006* 



OVARY VS OVAKY 



C01.0NVSCOXX>N 



OTtlXR TIIKBB VS OVARY 



PK«Hntnl Aeiivily inmv* l^\0 01») 

r--0^ P-0J66 
w/o«tOWK r--a» p- 0.00113* 

OTtnm THKBE VS COLON 




ImlrtUCB] /Wlivity <i«eMi Lo«lO CI.-»> 
C. A^U. rO UR VS AI.U FOUR. 



}»M.c1]nico\ AfiUvtv (mwp 



r-o.io p- 0.703 

--0.09 p** 0.770 



r--o^ p-a020* 



m-clMfeil AetlvJly frrtikD LoulO Ol»> 



r"-0,57 p- 0.068 
wy»iimmi! r--0^8 p -0.0001- 




r(,. 7 Phase n Acdvity (ovcdl .«pon» "t.) pr^im^^^ 

dJdcmnin B. eUamitrudfl. Pi rWi^xlO ^"^^p't,? le^el. ^ . ^laUonship. by tumor typ*. B. 

inclusion of those point* * i'>^?'^^.^*^^''^^^^t^coTTcl^ with the Ph«c 11 acUvity in the 

combined. 



*7S p-0.017- 

•0.98 pa Mom* 



RESULTS . . . , 

Tbc Medline and Cw ccrUt databases were searched for 
cimcer drugs (excjuding ag. >n« with novel ^S-^is ^^J^h ^ 
traftsducti^ or anglogene 5. mod.laiors) that ^ad undergone 
s5t>Ble agwt Phase I climcc I trial tesoog either in 1991 or 1992 
scLk led to 97 dm,: Dames. After excludmg drugs th^ 
w«C elinili«a««l froifl adcidonal clinical tesung for practical 
^ons (for example diff culties with the 
drugs that were spccifica ly developed for a certain type of 
cw^eof (as for example lormone-regulaung compounds for 
S^cLecr) and drugs tl at ^ve« still the subject of publ-sh^ 
^e I studies in 1991 an. 1 1992 despite already bemg hecnsed 
^human use before 19:.5. a list of 31 agen s was obtoned 
n-able iTAfter applying l ae restrictions and criteria mentioned 
"MaSl^d M^a ods.- we extracted fron, *e U,.r^ 
precliDical and Phase U aciivity information for ^'''"S'^ °« 
^ common cancer typ=.. breast. NSCLC. ovaiy. ff ^'^ 
OvenUI. 100 preclinical ind 307 Phase n chmeal Utenihire 
ISeien^cs we^ used spanning the period between 1983 and 
2000. 



No ptcclinical data were found for 5 of the 31 drugs 
researched. Of the 26 drugs rwnaining, availability of precl.mcaJ 
and Phase n data varied, depending on which preclinical and 
clinical tuinor(s> bed been tested and published in each case. 
Thus each of the relationships examined had a different number 
or points as different subsets of drugs wci^ included The 
most data points for any relationship were 17. For s« relauon- 
S^Dslive or fewer data points were available (relaUonsh.ps 
Sto fcwer than r.ve data points v.ere not included in the results 

^'"T^iSrSn Line Model. Hg. 1 Shows the Phase n 
activity versus pt^cUnical activity scatter plots and correlation 
analvris for the in vitro cell line model when the tnean 
?^ GlI wM used as the measure of preclinical act.vity. 
5^Te *e lower the mean Log,oGI.^ the higher ^he potency 
of a drop a negative correlation between mean UogioOlso ana 
plLfn overJl RR was expected if the model bad a good 
cH^cal prcdicdve value. Signif.catjt negative correlation were 
S for NSCLC (Fig. lA). for breast or ovanan cell Unes 
overall Phase H activity in tbe other three tumor types 
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(Fig. 15). and for preclinica activity versus Phase H activity in 
all four tumor type* (Hg. IT). , 

Although the trends cbsei^ed with the activity fraction 
were similar to ones St^en f.T tbc mean LogioOIso measure, no 
correlations were stadstical y signific&ni in this, case (data not 

shown). , . . ^ 

Human Xenograft NIodeU A negative correlation be- 
tween Phase n RRs and mean T/C% vaJucs was expcct«Ki to be 
indicative of a good clinii al predictive value for tbc human 
;Qcnoeraft model. As shown In Fig. 2, no signifjcant correlataOtiR 
between preclinical and cli lical activity were observed for thw 
model in our analysis. , i ^ . 

For some of the dui js, preclinical acuvjty calculatjons 
were based on multiple hi man Tccnografts of ihe same tumor 
type (t-€., panels) whUe fo* others on only a single xenograft 
The relaUoDships in Fig- 2 were ^analyzed* including only ihe 
drags for which prcclinica information on more than one hu- 
man xenograft was availabJ ^ (Fig. 3), The results did not ch^ge 
for breast or colon tumor; (compare Fig- 3A ^tb Fig. ZA). 
However, the relationship ^or NSCLC became stausbeally sig- 
nificani and a highly signif cant correlation was seen for ovanan 
cancer (Fig- 3A), A near significant correJaUon -^J^^J^f^ 
when ovarian human xeD:>gmri panels were used to predict 
clinical activity in the oth ir three tumor types combmed (Fig. 

' Murine AHografts, No significant correlations between 
preclinical and cUnical acUvity were observed for any of the 
relationships examined in this study for the murine aHografl 
model (data not shown). . r-. , , j 

Additional Analyses The scatter plots in Fig. I revealed 
an interesting observation: in every rdatiot^ship except for colon 



cancer under the disease oriented approach, an obvious trend 
toward a negative corrclaiion was evident e?:ccpt for one to three 
outlier data points (Fig. 1. arrows). Interestmgly, In all cases, 
these outlier data points corresponded to the same ihree drugs, 
namely elsamitrucin, didcmnin B, and rhizoxin. 

In an attempt to provide a possible explanation for tins 
observation, we considered the mechanism of action of all drugs 
that were included in the coirelaUons in Fig. 1. From a total of 
IS drugs (Table 2), 5. namely, elsamitrucin, didemnin B, rhi- 
zoxin, navonc acetic acid, and fosquidone. were distinct in that 
they eteemed to act through mosUy unknown pathways that were 
not the typical DNA-based rocchajiisms of acUon of cytotoxic 
cancer agents. Thus, although flavone acedc acid and fo^qui- 
done fitted the rest of the data, (here seemed to be a plausible 
mechanistic basis for the outlier behavior of the dam points for 
elsamitrucin, didemnin B. and rhiw>xia. In Fact, exclusion of 
these three drugs led to highly significant correlations in aJ) 
cases except for the same tumor relationship in colon cancer 
(Fig I correlation coefficients and Ps for 'Wo arrows'*). It 
should be noted that none of the relationships examined for the 
human xenograft models (Figs. 2 and 3) included elsamitrucin, 
didemnin B, or xhir-oxin as data points. . . . ^ ^ 

Because of the intriguing results obuiined with the human 
NSCLC and ovarian xenograA panels in Fig. 3A. a more detailed 
examination of these panels was pertained. As seen in Fig^?. 4A 
and 5A, the 6 ovarian and 7 NSCLC xenograft panels differed 
both in the numbers (mioimum of 6 and maximum of 13 for 
ovary and minimum of 2 and maximum of 5 for NSCLC) and 
the identity of the xenografts that they contained. Analysis by 
grade/histology was hindered by lack of complete information 
on all xenografte. However, some patterns appeared distinguish- 
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Drug 



used in clitiicnl vs, preclinical coirelatiow for the in vitro cell line model (Fig. 1) 



I bold. 



Mechanism of action 



Amonsfide 
Cl-921 
DtdcQtnin B 
Elffaxnitxticin 



Epirubicin 
Pn»rabinc 
Flavone acetic acid 

McnogJUrtJ 
Piritrcxim. 
Rhizoxln 

T£kXol 

Tuxoieic 

Teniposidc 

Topotccan 

Trimctcexate 

Fosqtildone 

Tomudcx 

TiazoftJriD 



DNA iniercalator 

Acts on topoiBomerase H 

Not undcTBtood. Believed to acl on protcm synthesis j • - 

Not ^dS^ Tc has been observed to inhibit topoisomcrase I and U in m ^'f^O 

ex7«fme^ (^^^^^^ ^ in imcertain). In cells in culmre it ha» been observed 

10 cause a cytostatic effect. 
Attaches to DNA at G bases 

Probably inhibUs DNA synthesis by incorpornUoo nro DtSA. i^t:^„^j 
antfvScular action \l mice (prob.tbJy not applicable to humans). bg^ved to 
induce ceU cycle arrest by gencfaung reactive oxygen spcces ^^I^^' 
CUiuse^ cleavage of double-stranded DNA by inliibibng lopc>»Romcrase U 

lead to cell cycle arrest. Also obseivcd to acl as an angaogeaesis inhibitor. 
Microtubule dcatabilixing agent that causes apoptosis 
Microtubule destabiU7,ing agcnl lhat causes upopto»s 
DNA synthesis inhibition by siabiliiation of deavablc DNA complexes 
Topoisomcrose I inhibitor 

Antifolate . . ... 

Unknown. Not a DNA binder or a topoiso»erasc inhibitor 

?:r^S'S^S;S;o^<«e. ra:<.li«ltln8 cn^c for guiudnc ribonuc.eot.do 
synthesis . ' — 



able. AH ovarian panels t 
tumors and also included 1 
eracely diffcnsntiated subtyi 
included sidcnocarcinom«i x 
(Fig. SB), These observ&tii 
histologicaJ/grade subtypes 



ontainod 10-20% undiffcrcnUated 
oth poody differentiated and mod- 
es (Fig. ^B). For NSCLC. nil panels 
inografts with a frequency of >30% 
•ns suggested that the frequency of 
within a xenograft panel may be an 



important determinant of clinical prwIicUvity ratbw* than the 
number or the nature of the xenografts- 

In an attempt to e;^plore this hypothesis aod to furtlier 
examine the validity of the results obtained for ovarian cancer 
and NSCLC in Fig. 3A, the Uieraturc was reviewed for addi- 
Uonai data. Six mote agents with known overall PbaKc H RRs m 
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MW-H-207 
A2780 
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t» Dvnry 2 
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MOC22-S 
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mod. (fin;, sorow 
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tnodontely difL 
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I (»0) 
* <20) 

lO 000) 



(33> 
(33) 
(O) 
<0) 



I (17) 
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2 (1^ 

t (11.5) 

1 (12.5) 
0 <0) 

2 (5U) 

8 OOO) 



TAXOTSRE 
Na (%) 



1 (10) 

1 (10) 

1 (10) 

1 (10) 
A <40) 

2 (20) 

10 (iot» 



PACUTAXEL 



3 (23) 
O (0) 
0 (0) 
0 (0) 
2 05) 
K (62) 

13 (100) 



Fig, 4 Human ovarian xeno- 
graft panclK for the Rix daia 
points (drugs) used in the 'Hpvary 
vemts Ovaiy" rclntilonship in 
Hg. SA. A. names and histology/ 
grade (? =» unknown, mod. 
diff. = niodcratcly differentiated, 
poorly diff. = poorly differenti- 
arod* dediCf. = dcdirfercndatcd, 
adncic - adenocardnoma) of uU 
of ihe xcnograftsi tested* Inclu- 
sion of a paniciilnr xenograft in 
one of the panels is sho^n by a 
sign In die corresponding 
row and under the appropriate 
drug column. S. Mstology/grade 
subtypes in the hxiraaa ovarian 
xenograft panels by numbc* and 
perccntase. 



previously treated paUents " viih ovarinn cancer were fo"«*- 
Ind one of these compound ; had been tested m a panel of 15 and 
6 human ovwian xenosrafl s. respectively ^6. 30). ^^'^h fitted 
the histoloEv/prade patten. « identlOed in Fig- 4B. Fig. 64 lists 
S ^^%XZ^n R)« (31-56) of these f«tion^.^~6S 
together >vid, the six compounds lhal were Included .n the 
Jaysis it, Fig. M. Pig. < . A «md B. shows n,ean T/C% 
^ues scatter plots »«d sctisticsd analyses for two cases: first, 
for when of the availa >le ;«enograft informalion was used, 

^d second, for when m-^an T/C* -^';f^''^^';"^Zl^i 
where possible, on the ariC tmctically smsJlest panel, namely the 
for semeiubine In Fig. 4. HlshJy si8mfie«.i correla- 
tions were obtained in both cases (Fig. 6B). „ 

For NSCLC inform; tion on two additional agents was 
f6und- insacrine tn»an T C% of 62 (26) and Phase U RR equal 
S^W^S and doxop^W :in tmea« T/C% of 47 (2f ) and i^e 
n RR equ^i to 0.12 (32 ]. Both had been tested -n NSCLC 
huffl^^enogtaft panels that included all J^^^'^f,^ 
sdbm'es and had adeno- arcinoma conterrts of 29 and 33-*. 



tespecdvcly. AS for ovarian cancer, those two additional data 
po^Tls (Fig. 5C. arrows) enhanced the staUsUcal sign.ncance of 
the relationship observed in F«g. 3A. 

DISCUSSION ^ , A* 

A llleraturc-based. retrospective study was conducted to 
examine tbe clinical predictive value of three widely used pre- 
cLcal cancer models, namely, the in vitro human tumor cell 
line, the hunian ;^enograft, and the nrturine allograXt models. Four 
solid tuiPor types were selected. bre«*U NSCLC. ovary and 
colon and dmon a set of ^\ anticancer agents (excluding 
agenti with novel targeW such as signal transduction or angjO- 
^nesis modulator.0 were collected. P'"^"'"^ ,^^^^7 
Ld=l wa., correJaied with RRs in Phase n dinical tna^s by 
tumor type (disease-oriented approach) m the case when one 
SnteS tumor type was used as a predictor of overall chnical 
activity in the Other three tumor types combined (corapound- 
oricnl^ approach) and for all four tumor types together. 
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Fig, 5 Human NSCLC xcnogro \ panel? for 
thc Rcvcn data poinls (<inigy) ised in the 
NSCLC versus NSCLC rcUtior Jhip in Fig. 

As dnig names (EPl = cplrubiwn, 
FAZ = fazarabrac* GEM = J cittdtabinc. 
IRINO - irinotcam. PACLIT ^ ' paditaxeL 
XOPO = topotecan, VINRLB = vlnorcl- 
binc> tu^d histological Rubtypc; C? = un- 
known) of all of ihc xenografts 1 isted. Inclu- 
Rion of 0. pardculttf xenograft i i one ot the 
pao&lR is shown by a "-^^ sign n the c<mtc- 
spondir^S row and under the app- opriatc dn^g 
coJuran. B, hi&tolosical subtyfxs in the hu- 
man NSCLC xenograft pancU by number 
ax»d pcTCcniage. C. scullcf plot and cof^cla- 
tion analysis for ihc Mmc lunor clinical 
versus prodimcal activity rcUtionshtp in 
NSCLC. including Ihc seven i fUgS m Fig. 
6A as well as two additional z gcnte. doxo- 
rubicin and aniRacrine (data j oints shown 
with arra^vs), with known NSC LC Phase U 
and hunvan xenograft activities 
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Colon cancor was the 
amount of clinically acliv 
tied: otily 3 drugs with Pb 
(Fig5. 1-3). However, this 
clinio^ally effective drugs 
result of selection and pul 

When the uican Log 
was used, the in vitro cell 



only site for which a disproportional 
: vcr^yuA* inactive agents were idcnti- 
ise n RRs > 0.15 and 8 with ^O-IO 
was likely a reflection of the lack Of 
for thvK tumor type rather than tbo 
klication bias. 

pGI^o roeaiiure of preclinical activity 
jne model was found to be predictive 



of Phase n clinical performance for NSCLC under the disease- 
oriented approach in breast and ovarian cancers under the com- 
pound^^^^ four tui^or types 

together. Highly significant correlations were observed in all 
lie^ exccpfcoloD cancer, when three consistent outJ.er data 
points corresponding to the mechaiiieucally nontypie^ cyto- 
toxic agents didemnin B. elsamitnicir. and rhi^cxin were ex- 
l^dld^ exploratory analysis. THus. the in vitro ceU line model 
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Fi^- 6 A, preclinical and Phase JT clinical ocdvity 
daia Tor ovarUitt ca.nccr, including the sl^ drugs in 
Fig- ("Study I?njgs") as weU an addlUonal 
six drugs rAddltional Drugs") with known ovar- 
iwi Phase EL and hurnan xenograft aictivities. "Lit- 
erature references are Rho^»'n in impcrscript fbnU 
B, scatter plots and correlation imalyRis for the 
same tumor cHnicia versus precJInical activity re- 
lationship in ovarian cancer based the data In 
Rg. 5A. An«»ysis wau done for (a) when all of the 
xenografts were Included in prccHnical activity 
calculations ("All") nnd iby when only the six 
xenografts in the gemcitabiae panel were used for 
preclinical activity culculanona. where possible 
C-Gctn. Panel"). StarB indicate jitatiiaical signifi- 
cimcc at the 5% IcvcL 



r'-O.SS 0.0002* 



might be predictive in the ca 
but might fail to provide rcli 
tbc noncytotoxic cancer dru 
explore this observation. 

The fact that drug pol 
cological jDcasTire. was fc 
performance was somcvi/ha 
viously: a recent study by 
highly Bignificanl conrdiatif 
man tumor cell line screen \ 
Pharmacological considcn 
between the species) might 
some anticacccr agents app 
but fail to shov/ efficacy in 
agents (S?*) has shown U 
mouse can be higher lhax» i 
intrinsic ability of mouse 
and/or more efficient dim 
In contrast to the v 
the murine allogrtift mod 
predictive of cUnical Phase 
with the conclusions from 
ing from the NCI screetiin 
(5-8. 10-12). 



;e of typical cytotoxic cat»cer agents 
ible information for ai least some of 
gs. Additional studies are needed to 

incy (mean Log,oOl5o>- a phanna- 
und to be predictive of Phase II 
. surprising but has been noted pre- 
Johnson et cd. (18) demonstrated a 
,n between potency in the NCI bu- 
nd activity in the hollow fiber assay, 
tions (pharmacological differences 
provide a possible explanaiion why 
»ar effective in in vivo mouse models 
>hase n trials. Experience with some 
at the tnaxiinum-tolerated dose in 
1 humans, presumably because of an 
cells to tolerate higher drug doses 
nation in the mouse. 
'iro cell line, our results suggest that 
3l, as used in this analysis, is not 
n performance. This is in agreement 
a large body of information original- 
I programs in use from 1975 to 1990 



The human xenograft model showed good tumor-spccinc 
predictive value for NSCLC aod ovarian cancers when panels of 
xenogxaj^ts were URed. However, it fmled to adequately predict 
clinical performance botii in the disease and compound-oriented 
settings for breast and colon tumors. The results with breast 
cancer were in agreement with a recent study (18) but were 
contradictory to the work reported by Bailey ctaL (20). Inoue et 
al (21). and Mattem ct uL (24). However, given that the latter 
studies did not use formal statistical methods, our conclusions 
may be more robust The results for ovarian cancer were in 
agreement with studies by Taetle el at (23) and Mattern c/ la/. 
(24) but contradicted the conclusions of the recent NCI Umted 
Stares study by Johnson eral. (18). Our results for NSCLC were 
consistent with the observations from all previous studi^ that 
examined same tumor correlations in this cancer type (18- 

For NSCIX: and oviuHan cancer patients, a panel of xe- 
nografts was more predictive than single xenografts eonrirming 
preliminary observations by BcUet et al. (19). 

In an effort to identify the properties that may render an 
ovarian or NSCLC human xenograft panel predictive of Phase U 
dmg performance, common characteristics were sought. There 
was no similarity in number and only Umiied overlap m Identity 
of xenografts between Bame tumor type panels. However, cer- 
tain patterns in histology/grade content were found. These ob- 



Ol9-d Bl/gid 199-1 



yoi^i 90-V0-80 



Clinical Cimccr Rcsenrch 423*7 



servations suggest that the T&jalive hislology/grade content 
caiher than the number or idei.aty of xenogriifls within a panel 
may be the important dctcrmin mt of clinicaJ predictivity . To our 
toowledgc, no other study ha attempted to identify ovarian or 
NSCUC humjxn xenograft p; ncl features that m^ght lead 10 
accurate predictions of a drug's Phase U performajice. 

This is the oi^ly study that has examined the clinical pre- 
dictive value of three preclir ical cancer models together and 
thus allows for direct coropa isons between them. The results 
suggest thai the human xenog -aft mode) is more prcdicUvc than 
its muriDC allografl counterp irt and that the m vitro cell hne 
model is of, at least, cquiva ent usefulness to the huro&n xe- 
nografl model. 

The NCI work with can< <jr drug screening programs Irom 
1955 to 1990 CRefs. 5-S. 1"-12; leukemia-based preclinical, 
compound-oriented screens i refercntiaUy yielding compounds 
active against hematological • oalignancies) in combination with 
our work and recent copclu -ions by Johnson al. (Ref. 18: 
staristically significant resulU under the compound-oriented ap- 
proach for some solid turn )rs) suggest that the compound- 
oriented strategy roiay be suc< essful when used only within sobd 
nimore or only within hcmaic logical malignancies but not when 
the two disease groups are c >nsidsrcd together. 

In general, our results si: ggcsL that the in vitro human tumor 
cell line and the human xenograft models might have good 
clinical predlcUve value in sc me solid tumors (such as ovary and 
NSCLC) under both (he disc ase and compound-oriented sirate- 
gies. as long as an appropriate panel of mmors is used m 
preclinical testing. , 

m conclusion, given ihi results in this study and those ot 
oihers (6. 7, 10-12). continued use of the murine allogrsfl 
model in drug developmen. may not be justified. The work 
presented here argues for emphasis to be placed on in vitro cell 
Unes (in the context of the N :i Human Tumor Cell Line Screen) 
and appropriate panels or He human xenograft modeL 

Recent years have scsn an explosion in the molecular 
understandmg of cancer, w lich has led to the development of 
not only more effective cyto :oxic cancer drugs but of potentiaUy 
cytostatic or anttmetastaLic t gents as well. Hie future preclinical 
and clinical development i< traditional cytotoxic compounds 
will likely follow similar pr )cedures with ihose ptacUced today, 
2md in that sense, the pres«.-nt findings could contribute to the 
more eCHcient discovery of such agents. However the exisung 
cancer models and paramet ;rs of activity in both the preclinical 
and clinical settings may h ive to be redesigned to fit the mode 
of action of the novel cyt< StaUc, antimctastatic. antiangiogen- 
esis. or immune response- nodulating agents (58), In the pre- 
clinical cancer model front, the case is being made for ^^^^c of 
the orthotopic mouse xeno craft and transgenic models (59-Gi) 
because those are Uiought to more accurately simulate human 
disease, especially in term* of growth characteristics and met- 
astatic behavior. New eni points of preclinicaJ activity are 
cootcmplated such as the demonstration that a new molecule 
truly hits the intended mol «ular target (58). In Phase II chojcal 
trials, ihere is a growing e fort toward validiiting new surrogate 
endpo5nL«i of drug efficacy (58). The next decade will probably 
answer many of the questions regarding die cffecaveness of 
these novel agents and w 11 Ukcly define a new tole for tradi- 



tional cytotoxic therapies, but it will also bring new challenges 
in terms of preclinical predictors of activity. 
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Aromatase Inhibitors — A Triumph of Translational Oncology 



Sandra M. Swain* M-D- 



Great stxides have hct 
treatment of earljr-st 
advances in molecuU 
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HoriDonal therapy, t 
targ:eted therapy for k 
thousands of lives. J 
juvaot (postoperative 
vival among womct 
improvement in sucv 
adjuvant tamoxijfen t 
therapy and has bee 
patients regardless c 
tumor cells in drair 
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postmenopausal, th 
negative tumors, an 
tor— positive tumors, 
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each substoup prec 
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lored therapies tiiat 
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In this issue of 
national Group (Bl 
reports on a randc 
;toIe, an aromatase 
adjuvant therapy S 
with early-stage b 
validate the results 
that aromatase inh 
than tamoxifen in 
Collaborative Grou 
cidcnce of relapse 
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:n made in the diagnosis and 
[gc breast cancer, thanks to 
c medicine, interdisciplinary 
electronic communication, 
.le first and most successful 
reast cancer, has saved many 
Moreover, screening and ad- 
) therapy have increased sur- 
with breast cancer.'*^ The 
ival can be attriibuced to both 
herapy and adjuvant chcmo- 
n found in all subgroups of 
f the presence or absence of 
ing lymph nodes, including 
•menopausal, those who are 
Dse with cstrogen-reccptoi>- 
i those with estrogen-reccp- 
Bxperts are now in the pro- 
»rcast cancer, which acmally 
>geneous group of cancers, 
ries. It is essential to define 
sely and to delineate distinct 
targets diat will lead to tai' 
are better than ifce ones we 

the Journal, die Breast Inter- 
3) 1-98 Collaborative Group 
mized comparison of Ictro- 
inhibitor, with tamoxifen as 
or postmenopausal women 
•cast cancer. Their findings 
of previous studies showing 
,bitors were more efficacious 
such women.3 The BIG 1-9S 
i found a reduction in the in- 
of 3.4 percentage points at 
2trozDle group* as compared 



with the tamoxifen group, afVer a median fol- 
low-up of 25.8 months. The incidence of both 
distant recurrence and contralateral breast can- 
cers was reduced. The benefit was greatest in 
patients who had also received chemotherapy, 
who did not receive radiotherapy, and who had 
positive nodes. Longer follow-up is important to 
define the benefit of letrozole in patients with 
node-negative disease. There was no significant 
difference in survival between the two groups, 
but at this point, fewcr deaths have occurred 
axQong wotnen assigned to letrozole. 

rive other large trials have also evaluated 
aromatase inhibitors. The Arimidex, Tamoxifen, 
Alone or in Combination (ATAC) trial, with a 
median foJlow-up of 68 months, found that, as 
compared with tamoxifen, adjuvant treatment 
with anastrozole reduced tlie recurrence rate by 
3.7 percentage points in patients with hormone- 
receptor— positive tumors.* The MA.17 trial, in 
which women first received tamoxifen for five 
years and then were randomly assigned to re- 
ceive placebo or Ictro:&ole, found that letrozolc 
improved disease-free survival by 4.6 percentage 
points, after a median follow-up of 30 months, 
with a survival difference in the node-positive 
group only.5 The Intergroup Exemcstane Study 
(IBS), with a median foUow-up of 30.6 months, 
compared 2 to 3 years of tamoxifen followed by 
2 to 3 years of cxemestanc with 5 years of ta- 
moxifen therapy and found that the former regi- 
men increased disease-frce survival by 4.7 per- 
centage points.^ The Italian Anastrozole Trial 
(ITA), with a median foliow-up of 36 months, 
compared 2 to 3 years of tamoxifen followed by 
2 to 3 years of anastrozolc with 5 years of ta- 
moxifen and found that sequential treatment te- 
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duced recurrent-free survival by 5-8 percentage 
points/ Firjally, a combined analysis of data 
from two p "ospcctive, multiccnter, randomized 
trials Cthc A istrian Breast and Colorectal Cancer 
Study Grouj- trial 8 plus the Arimidex-Nolvadex 
study) comjf arcd w^omen who received two years 
of camoxifci followed by three years of anastro- 
zole with w >men who were given tamoxifen for 
five years. After a median follow-up of 28 
months, sequential therapy was associated with 
an event-frcs survival rate that vvas 3.1 percent- 
age points ligber than the rate associated with 
tamoxifen s ione.» TThesc five studies varied v^rith 
respect to t >e number of women with hormone- 
receptor-pc sitlve tuttiors, node-negative tumors, 
and Gode-positivc tumors and the definition of 
outcomes, t is clear, however, that these trials, 
with close to 30,000 participants, consistently 
demonstrais that treatment with an aromatasc 
inhibitor a one or after tamoxifen treatment is 
beneficiaL The questions that remain are the 
optimal dv ration of treatment with an aroma- 
tase inhibi or, whether tamoxifen or an aroma- 
tasc inhibi or should be given first, whetlier se- 
quential tr :atment is optimal, which aromatase 
inhibitor ii best, and whether an atomatase in- 
hibitor is 1 >encncial for premenopausal, women 
after ovari m ablation. The decrease in contra- 
lateral cancers among women treated with an 
aromatase inhibitor has important implications 
for chcmo:>revcntion. Ongoing trials should an- 
swer each 3f these questions. 

One of ±e most exciting aspects of the find- 
ings of tb< se evaluations of aromatase inhibitors 
is that an inimal model predicted tbe results. In 
tumor cells and peripheral tissues in postmeno- 
pausal woi nen, estrogen is synthesized by aroma- 
tase from androstcnedionc and testosterone. A 
mouse mcdel was developed to simulate the hor- 
monal mil eu in postmenopausal women and used 
to investij ate the ability of aromatasc inhibitors 
and tamo cifcn to hinder the growth of breast- 
cancer cei:s .9 This model predicted a superior clin- 
ical outcoi ne with aromatase inhibitors. The same 
model aho predicts that the administration of 
letroaole ilone v^dll be more effective than the 
sequentia. administration of tamoxifen and let- 
rozole.*^ ?uture analyses of the continued fol- 
low-up oi the BIO 1-98 study, which includes a 
group rar domly assigned to receive Ictrozole be- 
fore tamcxifcn therapy and a group assigned to 
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receive letrozolc after tamoxifen therapy, wdll an 
swet this important question. 

A hypothesis developed from the ATAC study 
is that estrogen-receptor-positivc, progesterone- 
receptor-negative tumors are more susceptible 
to anastrozok than tumors that have both types 
of hormone receptors," Although this hypothe- 
sis vras not supported by the fmdings of the BIG 
1-98 study, because of the relatively short fol- 
low-up and multiple subgroup analyses in the 
study, the idea also cannot be ruled out. Data 
that support a differential benefit in patients 
with progeBterone-receptor-negativc tumors in- 
clude the finding that patients with such tumors 
are lilcely to have HBR-l-positive or HEEr2-po5i- 
th^e breast cancer, posidve nodes, tumors with 
high rates of proliferation and aneuploidy, and 
lower median levels of estrogen receptors. All 
these features are typical of an aggressive tu- 
mor.** Another area of fertile research is the 
crosstalk between growth fector signaling path- 
wrays and the estrogen receptor. This crosstalk 
may result in tamoxifen resistance by potentiat- 
ing agonist properties of tamojtifcn. 

It is clear that unlike tamoxifen, aromatase 
inhibitors are not associated v^rith an increased 
risk of thromboembolism or uterine cancer. The 
incidence of fractures and arthralgias is. how- 
ever, increased among women taking these in- 
hibitors. Both compUcations are the result of 
estrogen deficiency, and they require a thorough 
evaluation with the aim of limiting these ad- 
verse effects. In the BIG 1-98 study, the inci- 
dence of serious cardiac events was significantly 
higher among women given letrozole than among 
those given tamoxifen. An increase m cardiovas- 
cular events among patients receiving an aroma- 
case inhibitor has also been suggested in the lES 
and ATAC studies. This finding may be due to a 
cardioprotective effect of tamoxifen* but what- 
ever die mechanism, the potential for adverse car- 
diovascular events needs close and careful evalu- 
ation. 

We have seen a substantial increase in the 
Dumber of patients with small, node-negative tu- 
mors over tlie past several years. In the future, 
molecular characterization of individual tumors 
will assist in determining the metastatic potential 
of the tumor and its sensitivity to various agents. 
It is our responsibility as physicians to determine 
the appropriate adjuvant treatment for patients, 
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Trial Registration Report Card 

Jeffrey M. Drazen. M,D., and Alastair JJ. Wood. M.D. 



One measure of m< dical progress is new treat- 
ments. Hie discover - of a novel therapy takes time 
and money, but mete important, U requires the 
mutual effort of gro ips that, while they share the 
common goal of Improved treatment, often have 
jfundameotally com.>eting interests- These inter- 
ests inberscctatthc :Iimcal trial. Patients who are 
looking for more c flfcctive and safer treatment 
agree to take part n a clinical trial in the hope 
that they will benefit from such treatment or that 
others with similar conditions will benefit later. 
The company devel:>ping the new therapy shares 
the hope that the trial will be successful, because 
it wants to market the tested therapy exclusively 
and profitably for is long as possible before its 
competitors can lai nch a similar therapy into the 
marketplace. These goals, though overlapping* are 
inevitably in confLct and will generate tension. 



Such tension has been thrown uito sharp relief 
over the past 15 months by the push for clinical 
trial registration- 

The academic establishment and patients have 
argued that when patients, motivated by altru- 
ism, participate (or even consider participating) 
in a clinical trial, they are entitled to understand 
fully ail the options available to them in the var- 
ious trials that are currently recruiting subjects. 
In addition, thdr participation in a clinical trial 
should result in generalizablc knowledge that 
will be available to future patients and investi- 
gators to improve patient care. Tliis can happen 
only when appropriate details of the clinical trial 
are made available to the public in a timely fash- 
ion. The Internet and public registries have made 
this possible. 

Some in industry have argued that to open 
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CORRECTION 

Aromatase Inhibitors — A Trtumph of Translatlonal 
Oncology 



Aromaiase inhibitor — ^ A Tri' 
page 2907, th& sentence that ! 
rignvhand column should h^v 
(ITA>. with d median 1o«ow-up 
of tamoxifen followed by 2 to 
lamoxHen and found that sec 
fr&ft survival by S-S perceniat 
survival." as printed. 



imph of Tranaiatlonal Oncology . On 
>BgiriS five linos from the bottom of the 
3 read, "Tha Italian Anastrozola Trial 
of 36 months, compared 2 to 3 years 
3 years of anastrozolB with S years of 
uentlaJ treatment Increased recurrent- 
9 points." not "r^uoed recurrent-free 
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Troglitazone Inhibits Formation of Early Atherosclerotic 
Lesions in Diabetic and Nondiabetic Low Density 
Lipoprotein Receptor-Deficient Mice 

Alan R. Collins, Woerner P. Meehan Ulrich Kintscher. Simon Jackson, Shu Wakino, Grace Noh 

Wulf Palinski, Willa A. Hsueh, Ronald E. Law 

Abstract— Peroxisome proliferator-activated receptor-y (PPAR-y) is a lisand activatr^H n..^i»-. 

{Arterioscler Thromb Vase Biol. 2001;21:365-37ir) ^^-AKy activation in the artery wall. 

Key Words:: atherosclerosis ■ diabetes mellitus ■ phamiacology 



peroxisome proliferator-activated receptor-7 (PPAR-y), a 
-T nuclear receptor, is expressed in all major cell types 
participating in vascular injury: endothelial cells (ECs), 
macrophages, and vascular smooth muscle cells (VSMCs).'-^ 
Activation of this receptor in vitro inliibits inflammatory 
processes, including cytokine production and expression of 
NO synthase.2 In early clinical investigations, Ifgands of 
PPARy, such as thiazolidinediones (TZDs), have also been 
reported to improve endotlielium-dependent vasodilation, 
suggesting that PPAR7 activation enhances NO production 
and protects against vascular injury. ' s Activation of PPAR7 
also inhibits 2 other processes critical for vascular lesion 
formation, cell proliferation, and migration, ^'^-^''-'o In vivo, 2 
TZDs, troglitazone (TRO) and pioglitazone, significantly 
reduced arterial neointimal hyperplasia after endothelial in- 
jury in rats.»>-»3 In such balloon-catheterized arteries, neoin- 
tinia formation essentially reflects increased migration and 
proliferation of VSMCs, a major contributor to the growth of 
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atherosclerotic lesions. TRO also inhibited neointima forma- 
tion in stents placed in the coronary arteries of patients with 
type 2 diabetes. 

We and others have recently demonstrated that PPAR7 
activation by TZDs and 15-deoxy.A'2,M.prostaglandin h 
mhibits EC expression of vascular cell adhesion moIecule-1, 
which mediates monocyte adherence to the endothelial sur^ 
facet's Because inflammation, dysregulated growth, and 
migration of monocytes and VSMCs play an important role in 
the development of atherosclerosis, we hypothesized that 
PPARy activation in cells of the vasculature would inhibit the 
atherosclerotic process. On the other hand, TZDs also stim- 
ulate conversion of macrophages into foam cells; therefore, 
ligand-dependent activation of PPARy has been posUiIated to 
promote atherosclerosis.** 
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The impact of TZDs on atherosclerosis is a critical issue. 
TZDs improve insulin-mediated glucose uptake and are used 
extensively in the treatment of insulin resistance and type 2 
diabetes mellitus.'^ Coronary artery disease mortality is 
increased 2- to 4-foId in type 2 diabetes.>« Atherosclerosis is 
the major cause of demise in people v/ith diabetes; therefore. 
It IS important to determine the action of any antidiabetic drug 
on the atherosclerotic process. 

To determine whether PPARy activation has proathero- 
genic or antiatherogenic effects, we administered TRO to 
male LDL receptor- deficient (LDLR"'") mice fed either a 
high-fat or a high-fructose atherogenic diet. Both models 
develop substantial hypercholesterolemia and macrophage- 
laden lesions, designated intimal xanthomata, which do not 
normally progress to mature atherosclerotic plaques J ^ In 
addition, the high-fat diet induces hyperglycemia and hyper- 
insulinemia in the LDLR-'" mouse, making it also a model of 
type 2 diabetes.20,21 in contrast, fructose does not increase 
glucose or insulin in this modeP" and, therefore, was useful 
because the effects of TZDs on atherosclerosis could be 
studied in the absence of improvements in insulin action. 

Methods 
Transendothelial Monocyte Migration 

^^'1 ^^"^ (5X10^*), a human monocytic leukemia cell line, were 
added to a human aortic EC monolayer covering a gelatin-coated 
8-/ijn porous membrane and incubated for 30 minutes at 37°C to 
facilitate their attachment Cells were then pretreated with the 
''^^^^'^ (dimethyl sulfoxide) for 30 minutes at 
37 C. Migration was induced by the addition of monocyte chemoat- 
fr^tant protein. I (MCP-1, 50 ng/mL) to the lower compartment. 
Atter 90 minutes, nonmigrating THP-I cells and human aortic ECs 
were removed with a cotton tip, and the membranes were fixed and 
stamed with the Quik-Diff Stain Set (DADE, Miami, Fla) to identify 
"J'^^f*? '"'^ """^^^^ «^ migrated cells was determined per 
X320 high-power field. Experiments were performed in duplicate 
and were repeated at least 3 times. 

Western Blots 

Western immunoblots were perfonned as previously described '<> 
^^/^^n^"!^' ^^^^ incubated with rabbit polyclonal antibodies 
(1:1000 dilution. New England Biolabs) that recognize either (1) 
total extracellular signal-regulated kinase (ERK) or (2) ERK phos- 
phorylated on threonine 202 and tyrosine 204. 



Animals and Diets 

Male LDLR-'- mice were obtained (C57BL/6J-Ldlr*"'««' stock No 
002207, Jackson Laboratory. Bar Harbor. Me) and were group- 
housed under a 12-hour light and 12-hour dark regimen. All animal 
protocols were approved by the UCLA Animal Research Committee 
and complied with all federal, state, and institutional regulations At 
3 months of age, the mice were randomly assigned to 1 of 5 dietaiy 
regimens: (1) chow (Harian Teklad 8604), (2) high-fat complex 
carbohydrate (Research Diets), (3) high-fat complex carbohydrate 
with 4 g TRO/kg of food. (4) high fructose (Research Diets), or (5) 
T^,!?'?^" 4 S ""^O^g of food. The high-fat diet consisted 
ot 21 /o fat. 20% protein, 50% carbohydrate, and 0.15% cholesterol 
Our high-fat diet differed from those commonly used to study 
atherogenesis in LDLR-'" mice in that the majority of the nonfat 
energy came from complex carbohydrate sources instead of sucrose 
The high-fructose diet contained 4% fat, J 6% protein, 71% fructose 
and 0 15% cholesterol. Sources of fat in the diets were com oil (J% 
in all diets) and anhydrous milk fat (3% in the fructose diets and 20% 
m the high fat diets). Mice and feed were weighed weekly, and the 
rate of consumption of drug was computed. The mice were fed for a 
penod of 12 weeks. 



Metabolic Measurements 

Blood samples from the retro-orbital sinus were obtained from the 
^^T^^l *e beginning of treatment and every month thereafter 
ov.r^r.K f .r'"n ^^"^ '^^^ euthanasia. Mice were fasted 
overnight before the collection of the blood samples. Plasma glucose 
was measured by glucose oxidase reaction (Beckman Glucose 
rt^l^r/A 'r Instruments). Plasma lipids were measured by 

mL^ hv Laboratory. Plasma insulin was deter- 

m^^uKhnH • P'^^'T' "^^"S an indirect 

teil-cuff method with a controlled temperature chamber OITC, Inc) 
by a technician blinded to the treatment groups. 

Vessel Preparation and Image Analysis 

Mice were euthanized and perftised with 7.5% sucrose in 4% 

nfnn ^ ^"""^^ ^^'^ ^^^'^"'^^ ^P^^^ longitudinally, 

pinned flat m a dissection pan, and stained with Sudan IV to detect 
lipids and detemiine lesion area. Images were captured by use of a 

!.nc P/'u^"" ^^T^^ ^""^ ^ technician who 

blinded to the study protocol and used ImagePro image analysis 
software The extent of lesion formation is expressed as the percent- 
age of the total aortic surface area covered by lesions. 

Cross Sections: Determination of Intimal 
Macrophage Content 

The largest lesions from the aortic arch were excised and embedded 
m paraffm. The avidin-biotin-peroxidase complex technique for 
immunostaming was used. Macrophages were stained by using 
monoclonal antibody to CD68 (titer 1:100. KPI clone. M0814. Dako 
Corp). Nommmune serum was used as a control. Primary antibody 
mcubations were performed in 1% BSA/2% goat serum containing 
PBS for 60 minutes. Biotinylated rabbit anti-mouse (Dako) was 
applied; mcubation with a streptavidin-peroxidase complex fol- 
lowed. Peroxidase activity was detected with the use of diaminoben- 
zidine tetrahydrochloride as a chromogen. Slides were then counter- 
stained with hematoxylin. Images of the stained sections were 
analyzed by using the soft^vare described above. After tracing the 
intimal area to be measured with a cursor, 5 pixels of colon which 
defined the anti.CD68 stain, were sampled by the operator. The area 
encompassed by the pixels, which was not contiguous, in the color 
range for anti-CD68 was then computed automatically by the 
software. This approach has been successftilly used by Shi et al" to 
quantify lesional macrophages in a mouse model of transplant 
arteriosclerosis. *^ 

Statistical Analysis 

Statistical analysis was performed by using 2-factoriaI ANOVA with 
Student-Newman-Keuls to determine the differences between indi- 
vidual group means. 



Results 

TRO Inhibits Monocyte Migration 
VSMC migration and proliferation play an important athero- 
genic role in the progression of fatty streaks toward more 
advanced atherosclerotic lesions, such as transitional lesions 
and classical atheromas. We have previously shown that 
PPARy ligands inhibit ERK mitogen-activated protein kinase 
(MAPK)-dependent migration of VSMCs, However, in 
the eariiest stages of atherosclerotic lesions, recmitment of 
adherent monocytes through their migration into the suben- 
dothelium and their phenotypic transformation to macro- 
phages and foam cells play a far greater role than VSMCs in 
humans and in murine mode Is. 

To investigate whether TRO-mediated PPARy activation 
affects monocyte recmitment and to further explore its 
mechanism, we carried out a series of in vitro experiments 
before our in vivo studies. MCP-1 is an important in vivo 
migration factor promoting the subendothelial accumulation 
of monocytes. TRO inhibited MCP-1 -directed transmigra- 
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Rgure 1. PPARy ligands inhibit MCP-1 -directed transendotheh- 

migration of monocytes. Migration of THP-1 monocytes 
through ECs was determined by using a modified Boyden 
chamber assay as described in Methods. The number of migrat- 
ing cells was quantified by microscopy with the use of high- 
fo^rll^!!^ -^'^ • Results represent 3 independent experiments per- 
formed in duplicate. *P<0.05 vs MCP-I alone. 

tion of THP-l monocytes by 32.7±6.5% at 2.5 ^moLl. and 
by 6L4±6.7% at 10 ymoXPL (Figure 1). TRO contains a 
vitamin E moiety that may confer an antioxidant activity that 
can inhibit monocyte recruitment and endothelial expression 
of adhesion molecules. However, rosiglitazone (RSG), an- 
other PPARy ligand that lacks antioxidant activity, 'also 
inhibited monocyte transmigration, albeit with a lesser po- 
tency than TRO (Figure 1). Inhibition of monocyte transmi- 
gration by TRO, therefore, is likely to be mediated at least in 
part through PPAR7. 

MCP-1 rapidly induced ERK activation, reaching a peak at 
5 minutes, which was blocked by PD98059, an inhibitor of 
MAPK ERK kinase (MEK, an upstream kinase), which 
phosphorylates and activates ERK (Figure 2). PD98059 
attenuated MCP-1 -directed transmigration by 84.8±4.8%. In 
combination, these data suggest that activation of PPARy in 
monocytes may inhibit their migration by interfering with 
ERK-MAPK signaling, although the precise mechanism re- 
mains to be determined. 
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Figure 2, MCP-1 activates the ERK-MAPK pathway in THP-1 
human monocytes. A, Quiescent (Q) THP-l cells were stimu- 
lated with MCP-I (50 ng/mL) for 5 minutes. Whole-cell protein 
extracts were immunoblotted with a phosphospecific ERK1 
(pERK1)/ERK2 OdERK2) MAPK antibody. A representative blot of 
3 different experiments is shown. B. Conditions were the same 

Dnoo^fof.'^ ^iS®*^* w®^® w^th MEK inhibitor 

PD98059 (1 to 30 Aimol/L) or vehicle (dimethyl sulfoxide. -) 
before and during stimulation with MCP-1 (50 ng/mL). A repre- 
sentative blot of 3 different experiments Is shown 



TRO Inhibits Intimal Macrophage Accumulation 
and Lesion Formation in Male LDLR"'- Mice 
LDLR - mice that were fed a regular chow diet develop few 
esions across the surface of the aorta. Male S-month-oId 
mice were placed on either a high-fat or high- 
fructose diet to induce atherosclerosis. LDLR"'" males were 
used m the present study because they develop hyperglyce- 
mia and become diabetic on a high-fat diet but remain 
normoglycemic when fed a high-fructose diet. Moreover 
males develop twice the level of surface lesions as do 
females,24 and their use obviates the potentially confounding 
mfluence of the vascular protection in females afforded by 
estrogen. Comparison of the impact of TRO on atherogenesis 
m these 2 dietary models was undertaken to distinguish any 
activity of PPARy to normalize metabolic abnormalities 
accompanying diabetes that contribute to high-fat-induced 
xanthomata formation from any direct effects on the vascu- 
lature. To assess the impact of TRO on aortic lesions, 1 
high-fat diet group and 1 high-fructose diet group received 
TRO at 400 mg^cg body wt per day from drugs pelleted into 
the atherogenic diets. This dose of TRO was chosen because 
we previously demonstrated its efficacy in inhibiting intimal 
hyperplasia in rats after balloon injury. 11 

The en face method, which makes use of computer-assisted 
analysis of color images of Sudan IV^tained lipid-containing 
material in the entire aorta, was used to determine the 
percentage of surface area affected by lesions.^^ Male 
LDLR - mice on normal chow for 3 months had <0 20% 
lesions (Figure 3 A). The high-fat diet increased the amount of 
surface lesions after 3 months to 3.90±0.16% (n=8. Figure 
3B). TRO inhibited the high-fat-induced lesions by 30% 
(2.76±0.36% of the aortic surface, n=8, P<0.02; Figure 
3C). Similar to Merat et al,^' we noted that the high-fructose 
diet was more atherogenic than the high-fat diet, causing 
8.42±0.94% lesions (n=17. Figure 3D). TRO reduced le- 
sions in fructose-fed LDLR"'' males by 42% (4.90±0.65%, 
n-14, P<0.01; Figure 3E). Quantitative results are summa- 
rized in Figure 4. 

TRO-treated male LDLR"'" mice fed either the high-fat or 
high-fructose diet for 3 months developed lesions that con- 
tained substantially fewer CD68-staining macrophages (Fig- 
ure 5A through 5D). Lesions induced by a high-fat diet 
contained 39.1 ±6.8% macrophages (percent of cross- 
sectional intimal area) compared with 13.3±4.9% (P<0 01) 
in mice administered TRO (Figure 5E). Similar results were 
obtamed for males fed the high-fructose diet, where TRO 
decreased macrophage accumulation from 40 4±3 5% to 
17.1 ±1,7% (P<0.01, Figure 5E). The lesions in the TRO-fed 
ammals tended to be smaller in volume than those in males 
not fed TRO. The relative macrophage content in the larger 
lesions (not treated with TRO) exceeded the content in the 
smaller lesions (treated witli TRO) by 140% to 200%, The 
reduction in macrophage accumulation in the lesions of 
TRO-treated animals is unlikely to be the result of their being 
an earher lesion stage, because the relative macrophage 
content is known to be greatest in the smaller (ie, early-staee) 
lesions. 

Effect of TRO on Metabolic Parameters 

All metabolic measurements determined on blood samples 

drawn before treatment were similar in all groups (Tables 1 
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Figure 3. TRO attenuates atherosclerosis in male LDLR-'- mice 
The aorta is stained by Sudan IV to detect the lipids present In " 

^ ^"^^^ ^' High-fat diet. C, High-fat diet and 
TRO. P. High-fructose diet. E. High-fructose diet and TRO. 

and 2). In accordance with previous studies on male LDLR"'" 
mice, we found that a high-fat diet induced diabetes^o.^J' 
(Table 1). Glucose levels progressively increased throughout 




Figure 4. Quantification of the antiatherogenic activity of TRO in 
male LDLR- mice. Mean atherosclerotic surface lesion areas 
were detemiined In mice fed a nornial chow, high-fat, or high- 
fructose diet In the absence or presence of TRO for 3 months 
Image analysis and quantification of the percentage of the total 
aortic area staining for Sudan IV were perfomied by using 
computer-assisted image analysis. TRO produced a significant 
decrease in mice fed a high-fat (30% decrease, •P<0.05) and 
nigh-fructose (42% decrease. "P<0.05) diet 



Figure 5. TRO inhibits accumulation of lesional macrophages 
Sections from the aortic arch were immunostained by using 
antibody against CD68 to detect macrophages. Quantification of 
the percentage of the intimal area staining (^•P<0.05) for CD68 
was performed by computer-assisted image analysis. A. High- 

Ltt /n fiTn^- u- ^f-^f "^'^^ ™0 ("=^>- High-fructose 
diet (n=6). D, High-fructose diet and TRO (n=6), E. Quantifica- 
tion of the macrophage content. 

the study, reaching a maximum of 285 mg/dL at 3 months 
compared with 148 mg/dL for mice on normal chow. The 
fat-fed males were also hyperinsulinemic (n98±149 versus 
664±I13 pg/mL on normal chow), consistent with the 
development of early-stage type 11 diabetes. Although TRO 
did not decrease hyperglycemia in high-fat-fed male mice, 
TRO administration completely normalized their plasma 
insulin levels. In marked contrast, mice on a high-fructose 
diet had normal fasting plasma glucose and insulin levels, 
which were not altered by TRO. 

LDLR"'- males developed severe hypercholesterolemia on 
either the high-fat or high-fructose diet, achieving levels 3- to 
4-fold greater than those in animals maintained on regular 
chow (Table 2). TRO lowered total plasma cholesterol by 
27% in males on the high-fructose diet but had no effect on 
the high-fat-fed mice. Triglycerides were elevated in the 
high-fat-fed males but not in the high-fructose group; TRO 



Collins et al Troglitazone Inhibits Early Atherosclerosis 
TABLE 1. Plasma Gtucose and Insulin Le vels and Final Body Weights 

Chow Diet High-Pat Diet 
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Glucose, mg/dL 
Start 

1 mo 

2 mo 

3 mo 
Insulin, pg/mL 

3 mo 
Body weight, g 



High-Fat 
Dlet/TRO 



High-Fructose 
Diet 



High-Faictose 
DietmiO 



158.7± 14.63 
148.9±6.60 
144.8±10.96 
148.5±14.87 

664.7±113.62 
27.3+0.56 



173.2±12.12 
190.5±10.92 
201.1 ±9.09 
284,8±25.00 

1198.7±149,81 
42.5±0.66 



Values are mean±SEIVI. 

*/»<0.05 vs high-fat; t/><0.01 vs high-fat diet 

did not alter triglycerides in either model HDL cholesterol 
(HDLC) decreased with both of the diets, compared with 
normal chow, as frequently reported.^ TRO fbrtlier lowered 
the HDLC in the high-fat-fed males but increased it in the 
high-fructose-fed group. Plasma free fatty acid levels in- 
creased m males on the high-fat diet but not in those on the 
high-fructose diet; TRO decreased free fatty acid levels in 
both models. 

Discussion 

The most significant finding of the present study is that 
TRO inhibited lesion formation in a type 2 diabetic mouse 
model and a nondiabetic LDLR"'" mouse model of intimal 
xanthomata. Mice fed the high-fat diet developed exten- 
sive hypercholesterolemia that was not affected by TRO 
These mice also gained substantial weight and showed an 

TABLE 2. Plasma Lipid Levels 



169.4±7.98 
155.1 ±9.13* 
189.6±27.37 
268.9± 13.90 

691.2±109.14t 
37,0±0.89t 



137.8±11.53 
121.2±6.44 
128.6±13.09 
152.3±15.80 

304.4±47.49 
25.9±0.37 



148.5±27.67 
114.8±4.55 
1 21 .89± 17.32 
181.9±23.47 

278.7 ±37.9 
24.2±0.34 



increase in circulating free fatty acid levels, which prob- 
ably contributed to their insulin resistance, hyperinsulin- 
emia, and fasting hyperglycemia.^ The increase in triglyc- 
erides and decrease in HDLC are consistent with insulin 
resistance. TRO decreased circulating insulin but did not 
affect glucose in this model. The same has been reported in 
humans with type 2 diabetes, of whom 20% treated with 
TRO showed no improvement in glucose control, but all 
demonstrated improved insulin sensitivity.^^ In contrast to 
the response in humans, TRO did not alter triglycerides 
and further decreased HDLC. Mice fed the high-fnictose 
diet also developed severe hypercholesterolemia but did 
not gain weight or develop hyperinsulinemia or elevations 
m free fatty acids or triglycerides. In this model, TRO 
decreased the free fatty acids, increased HDLC, and 
decreased total cholesterol. 



Chow Diet 



High-Fat 
Diet 



High-Fat 
DietmiO 



Total Cholesterol, mg/dL 
Start 

1 mo 

2 mo 

3 mo/final 
HDLC, mg/dL 

Start 

1 mo 

2 mo 

3 mo 

Free fatty acids, mg/dL 
Start 

1 mo 

2 mo 

3 mo 
Triglycerides, mg/dL 

Start 

1 mo 

2 mo 

3 mo 

Values are mean±SEM. 



High-Fructose 
Diet 



High-Fructose 
Diet/TRO 



292.2± 14.63 
316.0±11.51 
315.8±10.26 
317.9±17.79 



277.7±5.77 
583.3±72;i8 
1307.0±110.11 
1341.9±52.14 



278.8±9.24 
541.9±62.22 
1173.0±122.11 
1313.63±28.83 



321.8±20.87 328.0± 18.32 

489.1 ±24.58 360.8+ 21 .37t 

1052.3±33.78 816.7±25.02* 

1 167,7±46.17 862.1 ±23.70* 



11 0,6 ±4.51 


111.2±1.87 


109.9±3.07 


121.2±2.59 


113.5±8.39 


111.2±3.19 


108.2±1.93 


108.9 ±2.65 


104.2 ±3.08 


106.6±4.58 


112.1 ±4.06 


94.4±3.62 


98.2±12,66 


100.4±3.56 


105.3 ±4.76 


112.4±5.00 


104.8±7.84 


81.8±6.86* 


90.1 ±4.48 


1 08.4 ±5.1 Of 


67.1 ±2.82 


63.5±1.82 


58,2±2.67 


91.0±6.96 


82.5±4.38 


69.4 ±2,97 


70.4±2.11 


66.6±2.67 


66.9±4.90 


71.2±3.75 


65.7±2.87 


88.6±7.32 


74.2±4.19 


68.7±3.67 


65.8±3.57 


61.7±3.68 


72.5±2.42 


57.1 ±2.07* 


61 .7± 1.52 


53.1±2.81t 


122.0±4.43 


109.1 ±5.32 


101.1 ±5.72 


84.8±5.09 


111.83±16.00 


126.0±11.1 


124.3±7.00 


113.6±7.48 


85.8±4.98 


94.0±6,47 


86.9 ±4.98 


156.6±30.55 


191.8±64.47 


81.2±5.98 


79.8±6.47 


71.6±6.92 


141. 8± 7.84 


159.1 ±19.79 


75.3+6.89 


69.0±4.85 



'P<Qm vs high-fat diet t/><0.05 vs tiigh-fructose diet, and */»<0.001 vs high-fnictose diet 
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Despite the difference in metabolic responses between the 
diabetic and nondiabetic animals, both hypercholesterolemic 
models responded to TRO with decreased lesion formation 
These results suggest that TRO has direct vascular effects 
separate from its metabolic effects, that decrease the athero- 
sclerotic process. Alternatively, the antiatherogenic effects of 
TRO m the 2 different models might involve the collection of 
d^tinct metabolic processes. For example, hemodynamic 
effects of TRO related to its reported activity to lower blood 
pressure m animal models and in humans could also impact 
pathophysiological processes in high-fat- and high-fructose- 
fed LDLR-'- mice.^'-'o All major cell types contributing to 
this vascular lesion formation express PPARy, which pro- 
vides a mechanism for the direct effect of thiazolidinedione 
h^ds in the vessel wall.WA' Data from in vitro experiments 
had suggested mechanisms by which activation of PPARy 
could either accelerate or attenuate the atherosclerotic pro- 
cess.2 6.9,10.16 The present study provides conclusive evidence 
that hgand-induced PPARy activation by TRO reduces inti- 
mal xanthomata in murine models. 

TRO had several systemic effects that may have contrib- 
uted to Its attenuation of intimal xanthomata. In the diabetic 
high-fat-fed mouse, TRO lowered insulin and glucose levels 
and decreased HDLC (which is thought to promote athero- 
genesis). In the fructose-fed model, TRO decreased total 
cholesterol and increased HDLC. Our finding that TRO was 
more potent in suppressing lesion formation in the fructose- 
fed model compared with the high-fat-fed mice could be due 
to the observed 27% reduction in total cholesterol. A common 
effect of TRO in the high-fat-fed and high-fhictose-fed 
LDLR models is its suppression of circulating free fatty 
acid levels. However, increased circulating free fatty acids 
have not been shown to be an independent risk factor for 
atherosclerosis. 

Inflammation in the vascular wall has cleariy emerged as a 
major culprit in the development of atherosclerosis.^' Dam- 
age to the endothelium and the subsequent recruitment and 
transendothelial migration of monocytes constitute critical 
early cellular responses during atherogenesis.^' Transmigra- 
tion of monocytes into the subendothelial space is strongly 
stimulated by the chemokine MCP-1, which is expressed and 
secreted by ECs and VSMCs. The essential role of MCP- 1 in 
atherogenesis is underscored by a recent study demonstrating 
that crossing MCP-l-deficient mice into LDLR"'" mice 
attenuated lesion formation by >80%.iJ Our group and others 
have shown that TRO and other PPAR7 ligands inhibit 
growth fector-directed ERK-MAPK- dependent VSMC mi- 
gration.s.'O " Cell migration requires de novo gene transcrip- 
tion that is consistent with PPAR-y acting in the nucleus to 
inhibit this process.'" In particular, activation of PPARy can 
mhibit ERK-MAPK signaling to the nucleus." " Because 
MCP-l-directed migration of monocytes is ERK-MAPK 
dependent, interference with this pathway by TRO could 
contribute to the observed reduction in intimal xanthomata 
and lesional macrophages in treated LDLR"'" mice. 

TRO and another PPAR-y ligand, RSG, which does not 
contain an o-tocophcrol moiety, inhibited MCP-l-directed 
migration of human monocytes in vitro. TRO also consis- 
tently decreased intimal macrophage accumulation in the 
diabetic and nondiabetic mice. These findings support the 
concept that inhibition of monocyte attachment and migration 



in the vessel by TRO may be one of the mechanisms 
contributing to the reduction of atherogenesis. Although it 
cannot be ruled out that the reduction of intimal monocytes in 
part reflected the reduced lesion size induced by TRO 
treatment, this is unlikely to be the sole explanation, because 
the relative mtimal monocyte/macrophage content is known 
to be ^eatest in the early stages (smaller lesions) of athero- 
sclerosis. In any case, the antiatherosclerotic activity of 
TRO-mduced PPARy activation clearly prevailed over its 
hypothesized promotion of foam cell formation via increased 
expression of the scavenger receptor CD36 '« 

Unlike other PPARy ligands, TRO has an a-tocopherol 
(vitamin E) moiety that theoreticaUy could contribute to its 
antiatherogenic activity through antioxidant effects ^ Vita- 
mm E has been shown to suppress atherosclerosis in the apoE 
knockout model, which develops advanced atherosclerotic 
lesions.^'.36 Whether the dose of vitamin E provided by TRO 
m the present study is enough to impact lesion formation is 
doubtful. At 400 mg/kg TRO per day, LDLR"'" mice re- 
ceived the equivalent of 8 fU of vitamin E, a dose much lower 
than that reported to affect atherosclerosis or to significantly 
protect LDL against oxidation.s^-Js Another line of evidence 
for the assumption that the effect of TRO on lesion foimation 
was not, to a significant degree, dependent on antioxidant 
effects IS provided by a parallel study demonstrating that 2 
other PPARy ligands, RSG and GW7845,which do not 
contain the a-tocopherol moiety, inhibited atherogenesis in 
the aortic root of male LDLR"" mice fed a high-fat. choles- 
terol-enriched diet.3» In addition, the recent Heart Outcomes 
Prevention Evaluation (HOPE) clinical trial in humans did 
not show an effect of vitamin E on coronary artery disease 
events or mortality.-"" 

In summary, given the absence of consistent major meta- 
bolic changes present in diabetic and nondiabetic mice, it is 
hkely that TRO at least in part decreases eariy atherosclerotic 
lesion formation through direct vascular effects. In human 
subjects with diabetes, who have a high risk for coronaiy 
disease, TRO improves insulin resistance and other 
proatherogenic metabolic parameters, which may improve 
cardiovascular risk. It is possible that some of the vascular 
effects observed in our murine models may also be present in 
humans. Although Li et aP' and our data demonstrate that 
PPARy ligands suppress early atherosclerotic lesions, intimal 
xanthomata do not inexorably progress to more advanced 
atherosclerotic plaques; in fact, they often regress " There- 
fore, determining the effects of PPARy ligands on more 
advanced atherosclerotic lesions may prove to be a stronger 
predictor of their potential clinical benefit. Nonetheless, the 
present results indicate that an investigation of potential 
antiatherogenic effects of PPARy ligands is strongly 
warranted. 
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